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PEEFAOE 

TO 

THE    SECOND    EDITION^ 


The  FiRsrr  Edition  of  my  ^  Greological  Observations  on 
the  Volcanic  Islands/  visited  daring  the  voyage  of 
H.M.S.  '  Beagle/  under  the  command  of  Capt.  Fits- 
Roy,  B.N.,  was  published,  with  the  approval  of  the 
Lords  Commissioners  of  Her  Majesty's  Treasury,  in  the 
year  1844 ;  and  my  ^  Observations  on  South  America,' 
in  1846.  As  both  these  works  are  now  out  of  print,  and 
as  I  believe  that  they  still  contain  matter  of  scientific 
value,  it  has  appeared  to  me  advisable  that  they  should 
be  republished.  They  relate  to  parts  of  the  world 
which  have  been  so  rarely  visited  by  men  of  science, 
that  I  am  not  aware  that  much  could  be  corrected  or 
added  from  observations  subsequently  made. 

Owing  to  the  great  progress  which  Geology  has 
made  within  recent  times,  my  views  on  some  few  points 
may  be  somewhat  antiquated;  but  I  have  thouglit  it 
best  to  leave  them  as  they  originally  appeared.  In 
order  to  complete  my  account  of  the  Geological  Obser- 


vi  Preface  to  the  Second  Edition. 

vations  made  during  the  voyage  of  the  *•  Beagle/  I  will 
here  give  references  to  four  papers  which  were  separately 
published.  First,  '  On  the  Connection  of  certain  Vol- 
canic Phenomena  in  South  America/  read  in  1838,  and 
published  in  Volume  V.  of  the  '  Transactions  of  the 
Geological  Society/  Secondly,  '  On  the  Distribution 
of  the  Erratic  Boulders  and  on  the  contemporaneous 
Stratified  Deposits  of  South  America/  read  in  1841,  and 
published  in  Volume  VI.  of  the  *  Transactions '  of  the 
same  Society.  Thirdly,  '  An  Account  of  the  Fine  Dust 
which  often  falls  on  Vessels  in  the  Atlantic  Ocean:' 
'Proceedings  of  the  Geological  Society,'  June  4,  1845. 
Fourthly,  on  March  25,  1846,  in  the  same  Journal, 
'  On  the  Geology  of  the  Falkland  Islands/ 


CONTENTS. 


PART  I. 


CHAPTER  I. 

ST.  JAOO,  IN  TUB  GAPS  DS  YBBDB  ABOHZPBLAQO. 

Bocks  of  the  lowest  series—A  calcareous  sedimentary  deposit,  with 
recent  shells,  altered  by  the  contact  of  superincambent  lava,  its 
horisontality  and  extent — Sabseqaent  Toloanio  eraptions,  asso- 
ciated with  calcareons  matter  in  an  earthy  and  flbrons  form,  and 
often  enclosed  within  the  separate  cells  of  the  scoriie — ^Ancient 
and  obliterated  orifioes  of  emption  of  small  size— Difllcnlty  of 
tracing  over  a  bare  plain  recent  streams  of  lava — Inland  hills  of 
more  ancient  volcanic  rock — Decomposed  olivine  in  large  masses 
— Feldspathic  rocks  beneath  the  upper  crystalline  basaltic  strata 
— Uniform  structure-  and  form  of  the  more  ancient  volcanic 
hills — Form  of  the  valleys  near  the  coast — Conglomerate  now 
forming  on  the  sea  beach paok  8 

CHAPTER  n. 

FEBNANDO  KOBOKHA  ;  TKBCBIBA;  TAHITI,  BTO. 

Fernando  Nobonha— Preoipitons  hill  of  phonolite.  Tbbcbiba — 
Trachytio  rocks ;  their  singular  decomposition  by  steam  of  high 
temperature.  Tahiti — Passage  from  wacke  Into  trap ;  singular 
volcanic  rock  with  the  vesicles  half  filled  with  mesotype.  Mau- 
RiTiulS— Proofs  of  its  recent  elevation — Structure  of  its  more 
ancient  mountains;  similarity  with  St.  Jago.  St.  Paul's 
BocKB — Not  of  volcanic  origin — ^their  singular  mineralogical 
oomposition 27 


viii  Contents. 


CHAPTER  IIL 


ASOENSIOir. 


Basaltic  lavas — ^Nnmeroas  craters  truncated  on  the  same  side — 
Siogular  stracture  of  volcanic  bombs — Aeriform  explosions — 
Ejected  granitic  fragments — Trachytic  rocks — Sing^ilar  veins — 
Jasper,  its  manner  of  formation — Concretions  in  pnmiceous  tuff 
— Calcareoas  deposits  and  frondescent  incmstations  on  the  coa^c 
— Remarkable  laminated  beds,  altercating  with,  and  passing 
into  obsidian— Origin  of  obsidian — Lamination  of  volcanic 
rocks PAGE  40 


CHAPTER  IV. 

ST.  HELENA* 

Lavas  of  the  feldspathic,  basaltic,  and  submarine  series — Section  of 
Flagstaff  Hill  and  of  the  Bam— Dikes— Turk's  Cap  and  Pros- 
perous Bays — Basaltic  ring — Central  crateriform  ridge,  with  an 
internal  ledge  and  a  parapet — Cones  of  phonolite — Superficial 
beds  of  calcareous  sandstone — Extinct  land-sfaeUs — Beds  of 
detritus  —  Elevation  of  the  land — Denudation — Craters  of 
elevation 83 

CHAPTER  V. 

GALAPAGOS  AB0HIPELA60. 

Chatham  Island — Cratera  composed  of  a  peculiar  kind  of  tuff — 
Small  basaltic  craters,  with  hollows  at  their  bases — Albemarle 
Island ;  fluid  lavas,  their  composition — Craters  of  tuff ;  inclina- 
tion of  their  exterior  diverging  strata,  and  structure  of  their 
interior  converging  strata^James  Island,  segment  of  a  small 
basaltic  crater ;  fluidity  and  composition  of  its  lava  streams,  and 
of  its  ejected  fragments — Concluding  remarks  on  the  cratera 
of  tuff,  and  on  the  breached  condition  of  their  southern  sides 
^Mineralogical  composition  of  the  rocks  of  the  archipelsgo 
^Elevation  of  the  land — Direction  of  the  fissures  of  erup- 
tion  no 


Contents.  ix 


CHAPTER  VI. 

TRACHTTB  AND  BASALT. — ^DISTBIBUTION  OF  VOLOAinO  IBLEa 

The  sinking  of  crystals  in  fluid  lava — Specific  gravity  of  the  consti- 
tuent parts  of  trachyte  and  of  basalt,  and  their  consequent 
separation — Obsidian — Apparent  non-separalion  of  the  elements 
of  plutonic  rocks — Origin  of  trap-dikes  in  the  plutonic  series — 
Distribution  of  volcanic  islands ;  their  prevalence  in  the  great 
oceans — They  are  generally  arranged  in  lines — The  central 
volcanos  of  Yon  Buch  doubtful — ^Volcanic  islands  bordering  con- 
tinents— Antiquity  of  volcanic  islands,  and  their  elevation  in 
mass — Eruptions  on  parallel  lines  of  fissure  within  the  same 
geological  period page  132 

CHAPTER  Vn. 

AUSTRALIA;    KSW  ZEALAND;    CAPE  OF  GOOD  HOPE. 

Kew  South  Wales — Sandstone  formation — Embedded  pseudo-frag- 
ments of  shale — Stratification — Current-cleavage — Great  valleys 
— Van  DiemeQ*s  Land — Palaeozoic  formation — ^Newer  formation 
with  volcanic  rocks — Travertin  with  leaves  of  extinct  plants — 
Elevation  of  the  land — ^New  Zealand — King  Gteorge's  Sound — 
Superficial  ferruginous  beds — Superficial  calcareous  deposits, 
with  casts  of  branches ;  its  origin  from  drifted  particles  of  shells 
and  corals— their  extent — Cape  of  Good  Hope— Junction  of  the 
granite  and  clay -slate — Sandstone  formation  .        .        .        146 

APPENDIX  TO  PART  L 

DESCBIPTION  OF  FOSSIL    SHELLS,  BT  O.  B.  BOWEBBT,  ESQ.,  F.L.S. 

From  a  Tertiary  deposit  at  St.  Jago,  in  the  Cape  de  Verde 

Archipelago        . 171 

Extinct  land-fihells  from  St.  Helena 173 

Shells  from  the  PaJsozoic  formation  of  Van  Piemen's  Land  .      176 
Description  of  Fossil  Corals  from  the  Palaeozoic  formation  of 

Van  Diemen's  Land,  by  W.  Lonsdale,  Esq.,  F.G.S.    •        .178 


Contents. 


PART  IL 


CHAPTER  VnX 

ON  THB  ELEVATION  OF  THE  BABTEBN  OOAST  OF  SOUTH  AMERICA. 

Upraised  SheUs  of  La  Plata — Bahia  Blanca,  Sand-dunes  and 
Pamice-pebbles — Step-formed  Plains  of  Patagonia,  with  upraised 
shells — Terraoe-bonnded  Valley  of  Santa  Croz,  formerly  a  Sea- 
strait — Upraised  shells  of  Tierra  del  Fuego — Length  and  breadth 
of  the  elevated  area — Equability  of  the  movements,  as  shown  by 
the  similar  heights  of  the  plains — Slowness  of  the  ele^atory  pro* 
oess — Mode  of  formation  of  the  step-formed  plains — Summary — 
Great  Shingle  Formation  of  P&tagonia ;  its  extent,  origin,  and 
distribution — Formation  of  Bea-cll£Es  .        .        paob  189 

CHAPTER  IX, 

ON  THE  ELEVATION  OF  THE  WESTERN  COAST  OF  SOUTH  AMEBICA. 

Ohonos  Archipelago —Chiloe,  recent  and  gradual  elevation  of,  tradi- 
tions of  the  inhabitants  on  this  subject — ^Concepcion,  earthquake 
and  elevation  of.  Valparaiso,  great  elevation  of,  upraiRed 
shells,  earth  of  marine  origin,  gradual  rise  of  the  land  within  the 
historical  period.  Coquimbo,  elevation  of,  in  recent  times; 
terraces  of  marine  origin,  their  inclination,  their  escarpments 
not  horizontal — Gnasco,  gravel  terraces  of — Copiapo.  Pebu — 
Upraised  shells  of  Cobija,  Iquique,  and  Arica— Lima,  shell- beds 
and  sea-beach  on  San  Ix>renso— Human  remains,  fossil  earthen- 
ware, earthquake  debacle,  recent  subsidence — On  the  decay  of 
upraised  shells — General  summary 232 

CHAPTER  X- 

ON  THE  PLAINS  AND  VALLETS    OF    CHILE  :—8ALIFBBOn8    BUPEB- 

FICIAL  DEPOSITS. 

Basin-like  plains  of  Chile ;  their  drainage,  their  marine  origin — 
Harks  of  sea-action  on  the  ea*>tem  flanks  of  the  Cordillera — 
Sloping-terrace-like  fringes  of  stratified  shingle  within  the  valleys 
of  the  Cordillera;  their  marine  origTn — Boulders  in  the  valley  of 
the  Cachapaal — Horizontal  elevation  of  the  Cordillera— Forma- 


Contents.  xi 


tion  of  yalleys — Boulders  moved  by  earthquake-waves — Saline 
saperficial  deposits— Bed  of  nitrate  of  soda  at  Iqaiqoe — Saline 
incmstations — Salt-lakes  of  La  Plata  and  Patagonia ;  purity  of 
the  salt;  its  origin page  289 

CHAPTER  XI. 

OM  THE  POBMATIONB  OF  THE  PAMPAS. 

Mineralogical  constitution — Microscopical  structure — Buenos  Ayres, 
shells  embedded  in  tosca-rock — Buenos  Ayres  to  the  Colorado-— 
S.  Yentana — Bahia  Blanca ;  M.  Hermoso,  bones  and  infusoria  of; 
P.  Alta,  shells,  bones,  and  infusoria  of ;  co-existence  of  the  recent 
shells  and  extinct  mammifers—Buenos  Ayres  to  St.  F6 — 
Skeletons  of  Mastodon — Infusoria — Inferior  marine  tertiary 
strata,  their  age — Horse's  tooth.  Banda  Obiental — SuperGcial 
Pampean  formation — Inferior  tertiary  strata,  variation  of,  con- 
nected with  volcanic  action;  Macruchenia  Patachonica  at  S. 
Julian  in  Patagonia,  age  of,  subsequent  to  living  mollusca  and  to 
the  erratic  block  period.  Sumf  abt — ^Area  of  Pampean  forma- 
tion— Theories  of  origin — Source  of  sediment — Estuary  origin — 
Contemporaneous  with  existing  mollusca — Belations  to  under- 
lying tertiary  strata — Ancient  deposit  of  estuary  origin — Kleva- 
tion  and  successive  deposition  of  the  Pampean  formation — 
Number  and  state  of  the  remains  of  mammifers ;  their  habitation, 
food,  extinction,  and  range — Conclusion ~  Supplement  on  the 
thickness  of  the  Pampean  Formation — Localities  in  Pampas  at 
which  mammiferons  remains  have  been  found         •        .        313 

CHAPTER  XII. 

ON  TBS  OLDEB  TEBTIABT  PCBMATIONS  OF  PATAGONIA  AND  CHILE. 

Rio  N^:to~  S.  Josef — Port  Desire,  white  pumiceous  mudstone  with 
infusoria — Port  S.  Julian — Santa  Crux,  basaltic  lava  of — P. 
Gallegos — Bastem  Tiena  del  Fuego;  leaves  of  extinct  beech 
trees — Summary  on  the  Patagonian  tertiai^  formations — Tertiary 
formations  of  the  Western  Coast — Chonos  and  Chiloe  groups, 
volcanic  rocks  of — Concepcion— Navidad — Coquimbo — Summary 
^Arc  of  the  tertiary  formations — Lines  of  elevation — Silicified 
wood — Comparative  ranges  of  the  extinct  and  living  Mollusca  on 
the  West  Coast  of  S.  America — Climate  of  the  tertiary  period— 
On  the  causes  of  the  absence  of  recent  conchiferons  deposits  on 
tlie  coasts  of  S.  America — On  the  contemporaneous  deposition 
and  preservation  of  sedimentary  forrostions    .  370 


xii  Contents. 


CHAPTER  XIII. 

PLUTONIO  AHD  HETAMOBPHIO  BOCKS: — CLEAYAOX  AKD  FOLIATION. 

Brazil,  Bahia,  gneiss  with  disjointed  metamoxphosed  dikes— Strike 
of  foliation— Rio  de  Janeiro,  gneiss-g^nite,  embedded  fragment 
in,  decompositioTi  of — La  Plata,  metamorphic  and  old  volcanic 
rocks  of — S.  Yentana — Claystone  porphyry  formation  of  Pata- 
gonia; singular  metamorphic  rocks;  pseudo-dikes — Falkland 
Islands,  palaeozoic  fossils  of  — Tierra  del  Fuego,  clay -slate  forma- 
tion, cretaceous  fossils  of ;  cleavage  and  foliation ;  form  of  land — 
Chonos  Archipelago,  mica  schists,  foliation  disturbed  by  granitic 
axis ;  dikes — Chiloe — Concepcion,  dikes,  successive  formation  of 
— Central  and  Northern  Chile — Concluding  remarks  on  cleavage 
and  foliation— Their  close  analogy  and  similar  origin— Strati- 
fication of  metamorphic  schists— Foliation  of  intrusive  rocks — 
Relation  of  cleavage  and  foliation  to  the  lines  of  tension  during 
metamorphosis PAGE  422 

CHAPTER  XIV. 

CENTRAL  CHILE  : — BTBUCTUBE  OF  THE  CORDILLERA. 

Central  Chile — Basal  formations  of  the  Cordillera— Origin  of  the 
porphyritic  claystone  conglomerate— Andesite — ^Volcanic  rocks 
— Section  of  the  Cordillera  by  the  Peuqnenes  or  Portillo  Pass — 
Great  gypseous  formation — Peuquenes  line ;  thickness  of  strata, 
fossils  of — Portillo  line— conglomerate,  orthitio  granite,  mica- 
schist,  volcanic  rocks  of — Concluding  remarks  on  the  denudation 
and  elevation  of  the  Portillo  line— Section  by  the  Cnmbre,  or 
Uspallata  Pass— Porphyries— Gypseous  strata — Section  near  the 
Puente  del  Inca;  fossils  of — Great  subsidence — Intrusive  por- 
phyries— Plain  of  Uspallata — Section  of  the  Uspallata  chain — 
Structure  and  nature  of  the  strata — Silicified  vertical  trees — 
Great  subsidence — Granitic  locks  of  axis — Concluding  remarks 
on  the  Uspallata  range ;  origin  sabsequent  to  that  of  the  main 
Cordillera;  two  periods  of  suhndeoce;  oomparison  with  the 
Portillo  chain 470 

CHAPTER  XV. 

HORTHBRN  CHILE.— OONCLUSIOK. 

Section  from  Ulapel  to  Combarbala;  Gypseous  formation  with 
sillcified  wood — Pannncillo — Coquimbo;  mines  of  Arqneros; 
section  np  valley;  fossils — Guasco,  fossils  of— Copiapo section 


Contents  xiii 


up  valley ;  Las  Aroolanas,  silicified  wood — conglomerates,  natoro 
of  former  land,  fossils,  tliickness  of  strata,  great  subsidence — 
Valley  of  Despoblado,  tufaceous  fossils,  deposit,  complicated 
dislocations  of— Bel ations  between  ancient  orifices  of  eruption 
and  subsequent  axes  of  injection — Iquique,  Pern,  fossils  of,  salt- 
deposits — Metalliferous  veins —Summary  on  the  Porpbyritic 
conglomerate  and  Gypseous  formations — Great  subsidence  with 
partial  elevations  during  the  Cretaceo -oolitic  period — On  the 
elevation  and  structure  of  the  Cordillera— Recapitulation  on  the 
tertiary  series — Relations  between  movements  of  subsidence  and 
volcanic  action — Pampean  formation — Recent  elevatory  move- 
ments— Long-continued  volcanic  action  in  the  Cordillera.  Con- 
clusion     PAGE  635 


APPENDIX  TO  PART  IL 

Descriptions  of  Tertiary  Fossil  Shells  from  South  America, 

by  G.  B.  Sowerby,  Esq.,  P.L.8.,  &c 605 

Descriptions  of  Secondary  Fossil  Shells  from  South  America, 

by  Prpfessor  £.  Forbes,  F.R.S.,  &c 624 

INDEX 629 


PART  I. 

VOLCANIC  ISLANDS 


BT.   JAGO,   I?i  THE  CAPE   DE   VERDE  ARCHIPELAGO. 

Itocla  of  the  luieest  teries. — A  caleareoat  tedimeKtar^  depoiit,  leith 
recent  theUt,aUeTed  by  tht  contact  of  tuperiitcnBibeitt  lara,  iti  Aiwi- 
mnlalitg  aad  exUHt — Subtfgttent  rolcariieerHptioiu,ti>n)«i^d  ititk 
caUa/notu  nuUtfr  in  an  earthy  attAfibram  /am,  and  often  enelotdi 
teithin  tie  tejiarate  fell*  of  the  teoriir—AneieM  and  obliterated 
mi^eeeiferajttioH  of  tatall  tize—I^fficiiU!/  af  traoing  aver  a  bare 
plain  recent  ttreamj  of  lava — Inland  hiUt  of  wwrv  ancient  voleamie 
rank — deeomjmted  nlivine  in  large  Maiiei—Feldipat&ieroelt  beneath 
the  upper  eri/italliiie  baiaitie  itrata —  (/nifiTni  itrnclnre  andforst  if 
the  more  anci'^t  roleanic  fiilU — Form  of  tke  raUei/t  near  the  cvaet 
—  Cnnglomerate  nem  fotniing  on  tlm  sea  hi:ack. 

The  island  of  St.  Jago  extends  in  a  NNW.  and  SSE. 
direction,  thirty  miles  in  length  by  about  twelve  in 
breadtli.  My  observations,  made  during  two  visits,  were 
confined  to  the  southern  portion  within  the  distance  of 
a  few  leagues  from  Porto  Praya.  The  country,  viewed 
from  the  sea,  presents  a  varied  outline:  smooth  conical 
hills  of  a  reddish  colour  (like  Red  Hill  in  the  accompany- 
ing woodcut),'  and  others  less  regular,  flat-topped,  and 
of  a  blackish  colour  (like  A,  B,  C,)  rise  from  successive, 
step-formed  plains  of  lava.  At  a  distance,  a  chain  of 
mountains,  many  thousand  feet  in  height,  traverses  the 
interior  of  the  island.  There  ia  no  active  volcano  in 
St.  Jago,  and  only  one  ia  the  group,  namely  at  Fogo. 

'  The  outline  of  the  coast,  the  position  o(  the  villages,  Btreamlets, 
and  of  most  of  the  hills  Id  this  w^jodcuc.  are  copied  from  the  chart 
iraile  on  board  H.M.S  'Leven.'  The9quare-toppedhiils(A,B  C,ie.) 
are  put  ia  merely  by  eye,  to  illustrate  my  descriptinn. 
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The  island  since  being  inhabited  has  not  suffered  from 
destructive  earthquakes. 

The  lowest  rocks  exposed  on  the  coast  near  Porto 
Praya,  are  highly  crystalline  and  compact ;  they  appear 
to  be  of  ancient,  submarine,  volcanic  origin ;  tiiey  are 
unconformably  covered  by  a  <thin,  irregular,  calcareous 
deposit,  abounding  with  sliells  of  a  late  tertiary  period ; 
and  this  again  is  capped  by  a  wide  sheet  of  basaltic  lava, 
which  has  flowed  in  successive  streams  firom  the  interior 

No.  1 


Signal 
PortHUL 


BIlMini 


POftoPEiJIk 
PAST  OF  ST.  JAGG,  ONB  GP  THB  CAFV  DV  VSRDB  ISLANDS 


of  the  island,  between  the  square-topped  hills  marked 
A,  B,  C,  &c.  Still  more  recent  streams  of  lava  have 
been  erupted  from  the  scattered  cones,  such  as  Bed  and 
Signal  Post  Hills.  The  upper  strata  of  the  square- 
topped  hills  are  intimately  related  in  mineralogical 
compositicHi,  and  in  other  respects,  with  the  lowest  series 
of  the  coast-rocks,  with  which  they  seem  to  be  continuous. 
Mineralogical  description  of  the  rocks  of  the  lowed 
series. — These  rocks  possess  an  extremely  varying  char- 
acter ;  they  consist  of  black,  brown  and  gray,  compact, 
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basaltic  bases,  with  nnmerons  ciystals  of  aogite,  hom- 
blende,  olivine,  mica,  and  sometimes  glassy  feldspar. 
A  common  Tariety  is  almost  entirely  composed  of  crystals 
of  angite  witb  oUyine.  Mica,  it  is  known,  seldom  occurs 
where  angite  abounds;  nor  probably  does  the  present 
case  offer  a  real  exception,  for  the  mica  (at  least  in  my 
best  characterised  specimen,  in  which  one  nodule  of  this 
mineral  is  nearly  half  an  inch  in  length,)  is  as  perfectly 
rounded  as  a  pebble  in  a  conglomerate,  and  evidently 
has  not  been  crystallised  in  the  base,  in  which  it  is  now 
inclosed,  but  has  proceeded  frcxn  the  fusion  of  some  pre- 
existing rock.  These  compact  lavas  alternate  with  tufi^ 
amygdaloids  and  wacke,  and  in  some  places  with  coarse 
conglomerate.  Some  of  the  argillaoeous  wackes  are  of 
a  dark  green  colour,  others,  pale  yellowish-green,  and 
others  nearly  white ;  I  was  surprised  to  find  that  some 
of  the  latter  varieties,  even  where  whitest,  fused  into  a 
jet  black  enamel,  whilst  some  of  the  green  varieties 
afforded  only  a  pale  gray  bead.  Numerous  dikes,  con- 
sisting chiefly  of  highly  compact  augitic  rocks,  and  of 
gray  amygdaloidal  varieties,  intersect  the  strata,  which 
have  in  several  places  been  dislocated  with  considerable 
violence,  and  thrown  into  highly-inclined  positions. 
One  line  of  disturbance  Grosses  the  northern  end  of 
Quail  Island,  (an  islet  in  the  bay  of  Porto  Praya)  and 
can  be  followed  to  the  mainland.  These  disturbances 
took  place  before  the  depositicm  of  the  recent  sediment- 
ary bed  ;  and  the  surface,  also,  had  previously  been 
denuded  to  a  great  extent,  as  is  shown  by  many  trun- 
cated dikes. 

Desenpiion  of  the  calcareous  deposit  oteHffing  the 
foregoing  volcanic  rocks. — ^This  stratum  is  very  con- 
spicuous finom  its  white  colour,  md  finom  the  extreme 
regularity  with  which  it  ranges  in  a  horizontal  line  for 
8(Hne  miles  alcmg  the  coast.     Its  average  height  aZM>ve 
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the  sea,  measured  from  the  upper  line  of  junction  with 
the  superincumbent  basaltic  lava,  is  about  sixty  feet ; 
and  its  thickness,  although  varying  much  from  the 
inequalities  of  the  underlying  formation,  may  be  esti- 
mated at  about  twenty  feet.  It  consists  of  quite  white 
calcareous  matter,  partly  composed  of  organic  debris, 
and  partly  of  a  substance  which  may  be  aptly  compared 
in  appearance  with  mortar.  Fragments  of  rock  and 
pebbles  are  scattered  throughout  this  bed,  often  forming, 
especially  in  the  lower  part,  a  conglomerate.  Many 
of  the  fragments  of  rock  are  whitewashed  with  a  thin 
coating  of  calcareous  matter.  At  Quail  Island,  the 
calcareons  deposit  is  replaced  in  its  lowest  part  by  a 
soft,  brown,  earthy  tuff,  full  of  Turritellae;  this  is 
covered  by  a  bed  of  pebbles,  passing  into  sandstone,  and 
mixed  with  fragments  of  echini,  claws  of  crabs,  and 
shells ;  the  oyster  shells  still  adhering  to  the  rock  on 
which  they  grew.  Numerous  white  balls  appearing  like 
pi£K>litic  concretions,  from  the  size  of  a  walnut  to  that  of 
an  apple,  are  embedded  in  this  deposit ;  they  usually 
have  a  small  pebble  in  their  centres.  Although  bo  like 
concretions,  a  close  examination  convinced  me  that  they 
were  NuUiporae,  retaining  their  proper  forms,  but  with 
their  surfaces  slightly  abraded :  these  bodies  (plants  as 
they  are  now  generally  considered  to  be)  exhibit  nnder  a 
microscope  of  ordinary  power,  no  traces  of  organisation 
in  their  internal  structure.  Mr.  George  R.  Sowerby 
has  been  so  good  as  to  examine  the  shells  which  I  col- 
lected :  there  are  fourteen  species  in  a  sufficiently  perfect 
condition  for  their  characters  to  be  made  out  with  some 
degree  of  certainty,  and  four  which  can  be  referred  only 
to  their  genera.  Of  the  fourteen  shells,  of  which  a  list 
is  given  in  the  Appendix,  eleven  are  recent  species ;  one, 
though  undescribed,  is  perhaps  identical  with  a  species 
which  I  found  living  in  the  harbour  of  Porto  Prayn ; 


CHAP.  I.    Calcareous  Deposit  altered  by  Heat.      7 

the  two  remaining  species  are  unknown,  and  have  been 
described  by  Mr.  Sowerby.  Until  the  shells  of  this 
Archipelago  and  of  the  neighbouring  coasts  are  better 
known,  it  would  be  rash  to  assert  that  even  these  two 
latter  shells  are  extinct.  The  number  of  species  which 
certainly  belong  to  existing  kinds,  although  few  in 
number,  are  sufficient  to  show  that  the  deposit  belongs 
to  a  late  tertiary  period.  From  its  mineralogical  char- 
acter, from  the  number  and  size  of  the  embedded 
fragments,  and  from  the  abundance  of  Patellse,  and 
other  littoral  shells,  it  is  evident  that  the  whole  was 
accumulnted  in  a  shallow  sea,  near  an  ancient  coast-line. 
Hjjeds  produced  by  the  flowing  of  the  superincumr- 
l)ent  basaltic  lava  over  the  calca/reous  deposit, — ^These 
effects  are  very  curious.  The  calcareous  matter  is  altered 
to  the  depth  of  about  a  foot  beneath  the  line  of  junction ; 
and  a  most  perfect  gradation  can  be  traced,  from  loosely 
aggregated,  small,  particles  of  shells,  corallines^  and 
NulliporsB,  into  a  rock,  in  which  not  a  trace  of  mechani- 
cal origin  can  be  discovered,  even  with  a  microscope. 
Where  the  metamorphic  change  has  been  greatest,  two 
varieties  occur.  The  first  is  a  hard,  compact,  white, 
fine  grained  rock,  striped  with  a  few  parallel  lines  of 
black  volcanic  particles,  and  resembling  a  sandstone, 
but  which,  upon  close  examination,  is  seen  to  be  crystal- 
lised throughout,  with  the  cleavages  so  perfect  that  they 
can  be  readily  measured  by  the  reflecting  goniometer. 
In  specimens,  where  the  change  has  been  less  complete, 
when  moistened  and  examined  under  a  strong  lens,  the 
most  interesting  gradation  can  be  traced,  some  of  the 
rounded  particles  retaining  their  proper  forms,  and  others 
insensibly  melting  into  the  granulo-<^stalline  paste. 
The  weathered  surface  of  this  stone,  as  is  so  frequently 
the  case  with  ordinary  limestones,  assumes  a  brick-red 
colour. 
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The  second  metamorphosed  variety  is  likewise  a  hard 
rock,  but  without  any  crystalline  structure.  It  consists 
of  a  white,  opaque,  compact,  calcareous  stone,  thickly 
mottled  with  rounded,  though  regular,  spots  of  a  soft, 
earthy,  ochraoeous  substance.  This  earthy  matter  is  of 
a  pale  yellowish-brown  colour,  and  appears  to  be  a  mix- 
ture of  carbonate  of  lime  with  iron ;  it  effervesces  with 
acids,  is  infusible,  but  blackens  under  the  blowpipe,  and 
becomes  magnetic.  The  rounded  form  of  the  minute 
patches  of  earthy  substance,  and  the  steps  in  the  progress 
of  their  perfect  formation,  whiph  can  be  followed  in  a 
suit  of  specimens,  clearly  show  that  they  are  due  either 
to  some  power  of  aggregation  in  the  earthy  particles 
amongst  themselves,  or  more  probably  to  a  strong  at- 
traction between  the  atoms  of  the  carbonate  of  lime, 
and  consequently  to  the  segi-egation  of  the  earthy  ex- 
traneous matter.  I  was  much  interested  by  this  fact, 
because  I  have  often  seen  quartz  rocks  (for  instance,  in 
the  Falkland  Islands,  and  in  the  lower  Silurian  strata  of 
the  Stiper-stones  in  Shropshire),  mottled  in  a  precisely 
analogous  manner,  with  little  spots  of  a  white,  earthy 
substance  (earthy  feldspar?);  and  these  rocks,  there 
was  good  reason  to  suppose,  had  undergone  the  action  of 
heat, — a  view  which  thus  receives  con6rmation.  This 
spotted  structure  may  possibly  afford  some  indication  in 
distinguishing  those  formations  of  quartz,  which  owe 
their  present  structure  to  igneous  action,  from  those  pro- 
duced by  the  agency  of  water  alone  :  a  source  of  doubt, 
which  I  should  think  from  my  own  experience,  that 
most  geologists,  when  examining  arenaceo-quartzose  dis- 
tricts, must  have  experienced. 

The  lowest  and  most  scoriaceous  part  of  the  lava,  in 
rolling  over  the  sedimentary  deposit  at  the  bottom  of 
the  sea,  has  caught  up  large  quantities  of  calcareous 
matter,  which  now  forms  a  snow-white,  highly  crystalline, 
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basis  to  a  breccia,  including  small  pieces  of  black,  glossy 
Bcorise.  A  little  abo^e  this,  where  the  lime  is  less  abun- 
dant, and  the  lava  more  compact,  nnmerous  little  balls, 
composed  of  spicula  of  calcareous  spar,  radiating  from 
common  centres,  occupy  the  interstices.  In  one  part  of 
Quail  Island,  the  lime  has  thus  been  crystallised  by  the 
heat  of  the  superincumbent  lava,  where  it  is  only 
thirteen  feet  in  thickness ;  nor  had  the  lava  been  origi- 
nally thicker,  and  since  reduced  by  degradation,  as  could 
be  told  from  the  degree  of  cellularity  of  its  surface.  I 
have  already  observed  that  the  sea  must  have  been 
shallow  in  which  the  calcareous  deposit  was  accumulated. 
In  this  case,  therefore,  the  carbonic  acid  gas  has  been 
retained  under  a  pressure,  insignificant  compared  with 
that  (a  column  of  water,  1708  feet  in  height)  originally 
supposed  by  Sir  James  Hall  to  be  requisite  for  this 
end :  but  since  his  experiments,  it  has  been  discovered 
that  pressure  has  less  to  do  with  the  retention  of  carbonic 
acid  gas,  than  the  nature  of  the  circumjacent  atmo- 
sphere ;  and  hence,  as  is  stated  to  be  the  case  by  Mr. 
Faraday,'  masses  of  limestone  are  sometimes  fused  and 
crystallised  even  in  common  lime-kilns.  Carbonate  of 
lime  can  be  heated  to  almost  any  degree,  according  to 
Faraday,  in  an  atmosphere  of  carbonic  acid  gas,  without 
being  decomposed;  and  6ay-Lussac  found  that  frag- 
ments of  limestone,  placed  in  a  tube  and  heated  to  a 
degree,  not  sufficient  by  itself  to  cause  their  decomposi- 
tion, yet  immediately  evolved  their  carbonic  acid,  when 
a  stream  of  common  air  or  steam  was  passed  over  them : 
Gay-Lussac  attributes  this  to  the  mechanical  displace- 
ment of  the  nascent  carbonic  acid  gas.     The  calcareous 

'  I  am  much  indebted  to  Mr.  E.  W.  firayley  in  having  given  me 
the  following  references  to  papers  on  this  subject :  Faraday,  in  the 
'  Edinburgh  New  Philosophical  Journal,'  vol.  xv.  p.  398 ;  Gay-Lussac, 
in  *  Annales  de  Chem.  et  Phys.,'  torn.  Iziii.  p.  219,  translated  in  the 
*  London  and  Edinburgh  Philosophicnl  Magazine,'  vol.  x.  p.  496. 
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matter  beneath  the  lava,  and  especially  that  forming  the 
crystalline  spicula  between  the  interstices  of  the  scoriae, 
although  heated  in  an  atmosphere  probably  composed 
chiefly  of  steam,  could  not  have  been  subjected  to  the 
effects  of  a  passing  stream ;  and  hence  it  is,  perhaps, 
that  they  have  retained  their  carbonic  acid,  under  a 
small  amount  of  pressure. 

The  fragments  of  scoriae,  embedded  in  the  crystalline 
calcareous  basis,  are  of  a  jet  black  colour,  with  a  glossy 
fracture  like  pitchstone.  Their  surfaces,  however,  are 
coated  with  a  layer  of  a  reddish-orange,  translucent 
substance,  which  can  easily  be  scratched  with  a  knife ; 
hence  they  appear  as  if  overlaid  by  a  thin  layer  of  rosin. 
Some  of  the  smaller  fragments  are  partially  changed 
throughout  into  this  substance:  a  change  which  appears 
quite  different  from  ordinary  decomposition.  At  the 
Galapagos  Archipelago  (as  will  be  described  in  a  future 
chapter),  great  beds  are  formed  of  volcanic  ashes  and 
particles  of  scoria?,  which  have  undergone  a  closely 
similar  change. 

The  extent  and  horizonhdify  of  tlie  calcareous  stratum, 
— The  upper  line  of  surface  of  the  calcareous  stratum, 
which  is  so  conspicuous  from  being  quite  white  and  so 
nearly  horizontal,  ranges  for  miles  along  the  coast,  at 
the  height  of  about  sixty  feet  above  the  sea.  The  sheet 
of  basalt,  by  which  it  is  capped,  is  on  an  average  eighty 
feet  in  thickness.  Westward  of  Porto  Pray  a  beyond 
Eed  Hill,  the  white  stratum  with  the  superincumbent 
basalt  is  covered  up  by  more  recent  streams.  North- 
ward of  Signal  Post  Hill,  1  could  follow  it  with  my 
eye,  trending  away  for  several  miles  along  the  sea  cliffs. 
The  distance  thus  observed  is  about  seven  miles  ;  but 
I  cannot  doubt  from  its  regularity  that  it  extends  much 
farther.  In  some  ravines  at  right  angles  to  the  coast, 
it  is  seen  gently  dipping  towards  the  sea,  probably  with 
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the  same  inclination'  as  when  deposited  round  the 
ancient  shores  of  the  island.  I  found  only  one  inland 
section,  namely,  at  the  base  of  the  hill  marked  A,  where, 
at  the  height  of  some  hundred  feet,  this  bed  was  ex- 
posed ;  it  here  rested  on  the  usual  compact  augitic  rock 
associated  with  wacke,  and  was  covered  by  the  wide- 
spread sheet  of  modern  basaltic  lava.  Some  exceptions 
occur  to  the  horizont^lity  of  the  white  stratum :  at 
Quail  Island,  its  upper  surface  is  only  forty  feet  above 
the  level  of  the  sea ;  here  also  the  capping  of  lava  is 
only  between  twelve  and  fifteen  feet  in  thickness ;  on 
the  other  hand,  at  the  NE.  side  of  Porto  Praya 
harbour,  the  calcareous  stratum,  as  well  as  the  rock  on 
which  it  rests,  attain  a  height  above  the  average  level : 
the  inequality  of  level  in  these  two  cases  is  not,  as  I 
believe,  owing  to  unequal  elevation,  but  to  original 
irregularities  at  the  bottom  of  the  sea.  Of  this  fact,  at 
Quail  Island,  there  was  clear  evidence  in  the  calcareous 
deposit  being  in  one  part  of  much  greater  than  the 
average  thickness,  and  in  another  part  being  entirely 
absent;  in  this  latter  case,  the  modem  basaltic  lavas 
rested  directly  on  those  of  more  ancient  origin. 

Under  Signal  Post  Hill,  the  white  stratum  dips 
into  the  sea  in  b  remarkable  manner.  This  hill  is 
conical,  450  feet  in  height,  and  retains  some  traces  of 
having  had  a  crateriform  structure;  it  is  composed 
chiefly  of  matter  erupted  posteriorly  to  the  elevation  of 
the  great  basaltic  plain,  but  partly  of  lava  of  apparently 
submarine  origin  and  of  considerable  antiquity.  The 
surrounding  plain,  as  well  as  the  eastern  flank  of  this 
hill,  have  been  worn  into  steep  precipice's,  overhanging 
the  sea.  In  these  precipices,  the  white  calcareous 
stratum  may  be  seen,  at  the  height  of  about  70  feet 
above  the  beach,  running  for  some  mUes  both  north- 
ward and  southward  of  the  hill,  in  a  line  appearing  to 


12  St.  J  ago.  PABT  I. 

be  perfectly  horizontal ;  but  for  a  space  of  a  quarter  of 
a  mile  directly  under  the  bill,  it  dips  into  the  sea  and 
disappears.  On  the  soath  side  the  dip  is  gradual,  on 
the  north  side  it  is  more  abrupt,  as  is  shown  in  the 
woodcut.  As  neither  the  calcareous  stratum,  nor  the 
No- 3. 
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snperincumbent  basaltic  lava  (as  far  as  the  latter 
be  distinguished  from  the  more  modern 
appear  to  thicken  as  they  dip,  I  infer  that  these  strata 
were  not  originally  accumulated  in  a  trough,  the 
centre  of  which  afterwards  became  a  point  of  eruption  ; 
but  that  they  have  subsequently  been  disturbed  and 
bent.  We  may  suppose  either  that  Signal  Post  Hill 
subsided  after  its  elevation  with  the  surrounding  country, 
or  that  it  never  was  uplifted  to  the  same  height  with  it. 
This  latter  seems  to -me  the  most  probable  alternative, 
for  dnring  the  slow  and  equable  elevation  of  this  portion 
of  the  island,  the  subterranean  motive  power,  from  ex- 
pending part  of  its  force  in  repeatedly  erupting  volcanic 
matter  from  beneath  this  point,  would,  it  is  likely,  have 
less  force  to  uplift  it.  Something  of  the  same  kind 
seems  to  hav.  occurred  near  Red  Hill,  for  when  tracing 
upwards  the  naked  streams  of  lava  from  near  Porto 
Praya  towards  the  interior  of  the  island,  J  was  strongly 
induced  to  suspect,  that  since  the  lava  had  flowed,  the 
slope  of  the  land  had  been  slightly  modified,  either  by  a 
small  subsidence  near  Red  Hill,  or  by  that  portion  of 
the  plain  having  been  uplifted  to  a  less  height  during 
the  elevation  of  the  whole  area. 
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The  hcusaUic  lava^  superincumbent  on  the  calcareous 
deposit. — This  lava  is  of  a  pale  gray  colour,  fusing 
into  a  black  enamel;  its  fracture  is  rather  earthy 
and  concretionary ;  it  contains  olivine  in  small  grains. 
The  central  parts  of  the  mass  are  compact,  or  at  most 
crennlated  with  a  few  minute  cavities,  and  are  often 
columnar.  At  Quail  Island  this  structure  was  assumed 
in  a  striking  manner;  the  lava  in  one  part  being 
divided  into  horis&ontal  laminae,  which  became  in  another 
part  split  by  vertical  fissures  into  five-sided  plates ;  and 
these  again,  being  piled  on  each  other,  insensibly 
became  soldered  together,  forming  fine  symmetrical 
columns.  The  lower  surface  of  the  lava  is  vesicular, 
but  sometimes  only  to  the  thickness  of  a  few  inches ; 
the  upper  surface,  which  is  likewise  vesicular,  is  divided 
into  balls,  frequently  as  much  as  three  feet  in  diameter, 
made  up  of  concentric  layers.  The  mass  is  composed  of 
more  than  one  stream  ;  its  total  thickness  being,  on  an 
average,  about  eighty  feet :  the  lower  portion  has  cer- 
tainly flowed  beneath  the  sea,  and  probably  likewise  the 
upper  portion.  The  chief  part  of  this  lava  has  flowed 
from  the  central  districts,  between  the  hills  marked 
A,  B,  C,  &c.  in  the  woodcut-map.  The  surface  of  the 
country,  near  the  coast,  is  level  and  barren ;  towards 
the  interior,  the  land  rises  by  successive  terraces,  of 
which  four,  when  viewed  from  a  distance,  could  be 
distinctly  counted. 

Volcanic  eruptions  subsequent  to  the  elevation  of 
ilte  coaeUand;  the  ejected  matter  associated  with  earthy 
lime. — These  recent  lavas  have  proceeded  from  those 
scattered,  conical,  reddish-coloured  hills,  which  rise 
abruptly  from  the  plain-country  near  the  coast.  I 
ascended  some  of  them,  but  will  describe  only  one, 
namely.  Red  Hill^  which  may  serve  as  a  type  of  its  class, 
and  is  remarkable  in  so  r.e  especial  respects.     Its  height 
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is  about  600  feet ;  it  is  composed  of  bright  red,  highly 
Bcoriaceous  rock  of  a  basaltic  nature ;  on  one  side  of  its 
summit  there  is  a  hollow,  probably  the  last  remnant  of 
a  crater.  Several  of  the  other  hills  of  this  class,  judging 
from  their  external  forms,  are  surmounted  by  much 
more  perfect  craters.  .When  sailing  along  the  coast,  it 
was  evident  that  a  considerable  body  of  lava  had  flowed 
from  Red  Hill,  over  a  line  of  cliff  about  120  feet  in 
height,  into  the  sea :  this  line  of  cliff  is  continuous 
with  that  forming  the  coast,  and  bounding  the  plain  on 
both  sides  of  this  hill ;  these  streams,  therefore,  were 
erupted,  after  the  formation  of  the  coast-cliffs,  from 
Red  Hill,  when  it  most  have  stood,  as  it  now  does, 
above  the  level  of  the  sea.  This  conclusion  accords 
with  the  highly  scoriaceous  condition  of  all  the  rock  on 
it,  appearing  to  be  of  suba^rial  formation ;  and  this  is 
important,  as  there  are  some  beds  of  calcareous  matter 
near  its  summit,  which  might,  at  a  hasty  glance,  have 
been  mistaken  for  a  submarine  deposit.  These  beds 
consist  of  white,  earthy,  carbonate  of  lime,  extremely 
friable  so  as  to  be  crushed  with  the  least  pressure ;  the 
most  compact  specimens  not  resisting  the  strength  of 
the  fingers.  Some  of  the  masses  are  as  white  as  quick- 
lime, and  appear  absolutely  pure ;  but  on  examining 
them  with  a  lens,  minute  particles  of  scoriaa  can  always 
be  seen,  and  I  could  find  none  which,  when  dissolved  in 
acids,  did  not  leave  a  residue  of  this  nature.  It  is, 
moreover,  difficult  to  find  a  particle  of  the  lime  which 
does  not  change  colour  under  the  blowpipe,  most  of 
them  even  becoming  glazed.  The  scoriaceous  fn^- 
ments  and  the  calcareous  matter  are  associated  in  the 
most  irregular  manner,  sometimes  in  obscure  beds,  bub 
more  generally  as  a  confused  breccia,  the  lime  in  some 
parts  and  the  scorise  in  others  being  most  abundant. 
Sir  H.  De  la  Beche  has  been  so  kind  as  to  have  some  of 
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the  purest  specimens  analysed,  with  a  view  to  disccnrer, 
ooQsideiing  their  volcanic  origin,  whether  tliey  con- 
tained much  magnesia ;  bat  only  a  small  portion  was 
found,  such  as  is  present  in  most  limestones. 

Fragments  of  the  scorise  embedded  in  the  calcareons 
mass,  when  broken,  exhibit  many  of  their  cells  lined 
and  partly  filled  with  a  white,  delicate,  excessively 
fragile,  moss-like,  or  rather  conferva-like,  i^ticulaticHi 
of  carbonate  of  lime.  These  fibres,  examined  under  a 
lens  of  one-tenth  of  an  inch  focal  distance,  iq^)ear 
cylindrical ;  they  are  rather  above  the  -nnnr  ^^  ^^  isxcSa 
in  diameter ;  they  are  either  simply  branched,  or  more 
commonly  united  into  an  irregalar  mass  of  net-work, 
with  the  meshes  of  veiy  unequal  sizes  and  of  unequal 
numbers  of  ^des.  Some  of  the  fibres  are  thickly 
covered  with  extremely  minute  spicula,  occasionally 
aggregated  into  little  tufbs ;  and  henoe  they  have  a 
hairy  a|^>earanoe.  These  spicula  are  of  the  same  dia- 
meter throughout  their  length;  they  are  easily  detached, 
ao  that  the  object-glass  of  the  microscope  soon  becomes 
scattered  ov^  with  them.  Within  the  cells  of  many 
finagments  of  the  scoriae,  the  lime  exhibits  this  fibrous 
structure,  but  generally  in  a  less  perfect  degree.  These 
cells  do  not  appear  to  be  connected  with  one  another. 
There  can  be  no  doubt,  as  will  presently  be  shown,  that 
the  lime  was  erupted,  mingled  with  tlie  lava  in  its  fiuid 
state ;  and  therefore  I  have  thought  it  worth  while  to 
describe  minutely  this  curious  fibrous  structure,  of  which 
I  know  nothing  analogous.  From  the  earthy  condition 
of  the  fibres,  this  structure  does  not  ^pear  to  be  related 
to  crystallisation. 

Other  firagments  of  the  soonaoeous  rock  from  this 
hiU,  when  broken,  are  often  seen  marked  with  short  and 
irregular  white  streaks,  which  are  owing  to  a  row  of 
separate  cells  being  partly,  or  quite,  filled  with  white 
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calcareons  powder.  This  structure  immediately  re- 
minded me  of  the  appearance  in  badly  kneaded  dough, 
of  balls  and  drawn-out  streaks  of  flour,  which  have  re- 
mained unmixed  with  the  paste ;  and  I  cannot  doubt 
that  small  masses  of  the  lime,  in  the  same  manner  re- 
maining unmixed  with  the  fluid  lava,  have  been  drawn 
out  when  the  whole  was  in  motion.  I  carefully  ex- 
amined, by  trituration  and  solution  in  acids,  pieces  of 
the  scorisB,  taken  from  within  half-an-inch  of  those  cells 
which  were  filled  with  the  calcareous  powder,  and  they 
did  not  contain  an  atom  of  free  lime.  It  is  obvious 
that  the  lava  and  lime  have  on  a  large  scale  been  very 
imperfectly  mingled ;  and  where  small  portions  of  the 
lime  have  been  entangled  within  a  piece  of  the  viscid 
lava,  the  cause  of  their  now  occupying,  in  the  form  of 
a  powder  or  of  a  fibrous  reticulation,  the  vesicular 
cavities,  is,  I  think,  evidently  due  to  the  confined  gases 
having  most  readily  expanded  at  the  points  where  the 
incoherent  lime  rendered  the  lava  less  adhesive. 

A  mile  eastward  of  the  town  of  Praya,  there  is 
a  steep-sided  gorge,  about  150  yards  in  width,  cutting 
through  the  basaltic  plain  and  underlying  beds,  but 
since  filled  up  by  a  stream  of  more  modem  lava.  This 
lava  is  dark  gray,  and  in  most  parts  compact  and  rudely 
columnar;  but  at  a  little  distance  from  the  coast,  it 
includes  in  an  irregular  manner  a  brecciated  mass  of 
red  scorisB  mingled  with  a  considerable  quantity  of 
white,  friable,  and  in  some  parts,  nearly  pure  earthy 
lime,  like  that  on  the  summit  of  Bed  Hill.  This  lava, 
with  its  entangled  lime,  has  certainly  flowed  in  the 
form  of  a  regular  stream ;  and,  judging  from  the  shape 
of  the  gorge,  towards  which  the  drainage  of  the  country 
(feeble  though  it  now  be)  still  is  directed,  and  from  the 
appearance  of  the  bed  of  loose  water-worn  blocks  wiUi 
their  interstices  imfiHwij  Kk*  ttoiB  m  dw  bed  of  a 
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torrent,  on  which  the  lava  rests,  we  may  conclude  that 
the  stream  was  of  subaerial  origin.  I  was  unable  to 
trace  it  to  its  source,  but,  from  its  direction,  it  seemed 
to  have  come  from  Signal  Post  Hill,  distant  one  mile 
and  a  quarter,  which,  like  Red  Hill,  has  been  a  point 
of  eruption  subsequently  to  the  elevation  of  the  great 
basaltic  plain.  It  accords  with  this  view,  that  I  found 
on  Signal  Post  Hill,  a  mass  of  earthy,  calcareous  matter 
of  the  same  nature,  mingled  with  scorias.  I  may  here 
observe  that  part  of  the  calcareous  matter  forming  the 
horizontal  sedimentary  bed,  especially  the  finer  matter 
with  which  the  embedded  fragments  of  rock  are  white- 
washed, has  probably  been  derived  from  simUar  volcanic 
eruptions,  as  well  as  from  triturated  organic  remains : 
the  underlying,  ancient,  crystalline  rocks,  also,  are  as- 
sociated with  much  carbonate  of  lime,  filling  amygda- 
loidal  cavities,  and  forming  irregular  masses,  the  nature 
of  which  latter  I  was  unable  to  understand. 

Considering  the  abundance  of  earthy  lime  near  the 
summit  of  Red  Hill,  a  volcanic  cone  600  feet  in  height, 
of  subaSrial  growth, — considering  the  intimate  manner 
in  which  minute  particles  and  large  masses  of  scorisB 
are  embedded  in  the  masses  of  nearly  pure  lime,  and 
on  the  other  hand,  the  manner  in  which  small  kernels 
and  streaks  of  the  calcareous  powder  are  included  in 
solid  pieces  of  the  scoriae, — considering,  also,  the  similar 
occurrence  of  lime  aud>  scoriae  within  a  stream  of  lava, 
also  supposed,  with  good  reason,  to  have  been  of  modern 
subaerial  origin,  and  to  have  flowed  from  a  hill,  where 
earthy  lime  also  occurs:  I  think,  considering  these 
facts,  there  can  be  no  doubt  that  the  lime  has  been 
erupted,  mingled  with  the  molten  lava.  I  am  not 
aware  that  any  similar  case  has  been  described :  it 
appears  to  me  an  interesting  one,  inasmuch  as  most 
geologists    must    have    speculated    on    the    probable 
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effects  of  a  volcanic  focus,  bursting  through  deep-seated 
beds  of  different  mineralogical  composition.  The  great 
abundance  of  free  silex  in  the  trachytes  of  some  coun- 
tries (as  described  by  Beudant  in  Hungary,  and  by 
P.  Scrope  in  the  iPanza  Islands),  perhaps  solves  the  en- 
quiry with  respect  to  deepT^^ated  beds  of  quartz ;  and 
we  probably  here  see  it  answered,  where  the  Volcanic 
action  has  invaded  subjacent  masses  of  limestone.  One 
is  naturally  led  to  conjecture  in  what  state  the  now 
earthy  carbonate  of  lime  existed,  when  ejected  with  the 
intensely  heated  lava :  from  the  extreme  cellularity  of 
the  scoriae  on  Red  Hill,  the  pressure  cannot  have  been 
great,  and  as  most  volcanic  eruptions  are  accompanied 
by  the  emission  of  large  quantities  of  steam  and  other 
gases,  we  here  have  the  most  favourable  conditions, 
according  to  the  views  at  present  entertained  by 
chemists,  for  the  expulsion  of  the  carbonic  acid.^  Has 
the  slow  re-absorption  of  this  gas,  it  may  be  asked, 
given  to  the  lime  in  the  cells  of  the  lava,  that  peculiar 
fibrous  structure,  like  that  of  an  efflorescing  salt  ? 
Finally,  I  may  remark  on  the  great  contrast  in  appear- 
ance between  this  earthy  lime,  which  must  have  been 
heated  in  a  free  atmosphere  of  steam  and  other  gases, 
with  the  white,  crystalline,  calcareous  spar,  produced  by 
a  single  thin  sheet  of  lava  (as  at  Quail  Island)  rolling 
over  similar  earthy  lime  and  the  debris  of  organic 
remains,  at  the  bottom  of  a  shallow  sea. 

Signal   Post    HilL — This    hill    has    already    been 

>  Whilst  deep  beneath  the  surface,  the  carbonate  of  lime  was,  I 
presume,  in  a  fluid  state.  Hulton,  it  is  known,  thought  that  all 
aruygdaloids  were  produced  by  drops  of  molten  limestone  floating 
in  the  trap,  like  oil  in  water :  this  no  doubt  is  erroneous,  but  if  the 
matter  forming  the  summit  of  Red  Hill  had  been  oooled  under  the 
pressure  of  a  moderately  deep  sea,  or  within  the  walls  of  a  dike, 
we  should,  in  all  probability,  have  had  a  trap  rock  associated  with 
large  masses  of  compact,  crystalline,  calcareous  spar,  which,  accord- 
ing to  the  views  entertaiuMl  by  many  geologists,  would  have  been 
wrongly  attributed  to  subsequent  infiltration. 
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several  times  mentioned,  especially  with  reference  to 
the  remarkable  manner  in  which  the  white  calcaieons 
stratum,  in  other  parts  so  horizontal  (Woodcut  No.  2), 
dips  under  it  into  the  sea.  It  is  a  broad  summit,  with 
obscure  traces  of  a  crateriform  structure,  and  is  com- 
posed of  basaltic  rocks,^  some  compact,  others  highly 
cellular,  with  inclined  beds  of  loose  scoriao,  of  which 
some  are  associated  with  earthy  lime.  Like  Red  Hill, 
it  has  been  the  source  of  eruptions,  subsequently  to  the 
elevation  of  the  surrounding  basaltic  plain ;  but  unlike 
that  hill,  it  has  undergone  considerable  denudation, 
and  has  been  the  seat  of  volcanic  action  at  a  remote 
period,  when  beneath  the  sea.  I  judge  of  this  latter 
circumstance  from  finding  on  its  inland  flank  the  last 
remnants  of  three  small  points  of  eruption.  These 
points  are  composed  of  glossy  scorisB,  cemented  by 
crystalline  calcareous  spar,  exactly  like  the  great  sub- 
marine calcareous  deposit,  where  the  heated  lava  has 
rolled  over  it :  their  demolished  state  can,  I  thiak,  be 
explained  only  by  the  denuding  action  of  the  waves  of 
the  sea.  I  was  guided  to  the  first  orifice  by  observing 
a  sheet  of  lava,  about  200  yards  square,  with  steepish 
sides,  superimposed  on  the  basaltic  plain,  with  no  adjoin- 
ing hillock,  whence  it  could  have  been  erupted ;  and 
the  only  trace  of  a  crater  which  I  was  able  to  discover, 
consisted  of  some  inclined  beds  of  scorisB  at  one  of  its 
com<>r8.  At  the  distance  of  fifby  yards  from  a  second 
level-topped  patch  of  lava,  but  of  much  smaller  size,  I 

'  Of  these,  one  oommon  variety  is  remarkable  for  being  full  of 
small  fragments  of  a  dark  jasper-red  earthy  mineral,  which,  when 
examined  carefally,  shows  an  indistinct  cleavage ;  the  little  frag- 
ments are  elongated  in  form,  are  soft,  are  magnetic  before  and  after 
being  heated,  and  fose  with  difficulty  into  a  dull  enan:el.  This 
mineral  is  evidently  closely  related  to  the  oxides  of  iron,  but  I 
cannot  ascertain  what  it  exactly  is.  The  rock  containing  tbin 
mineral  is  crenuiated  with  small  angular  cavities,  which  are  lined 
and  filled  with  yellowish  crystals  of  carbonate  of  lime. 
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found  an  irregolar  circular  group  of  masses  of  cemented, 
sooriaceoas  breccia,  about  six  feet  in  height,  which 
doubtless  had  once  formed  the  point  of  eruption.  The 
third  orifice  is  now  marked  only  by  an  irregular  circle 
of  cemented  scorise,  about  four  yards  in  diameter,  and 
rising  in  its  highest  point  scarcely  three  feet  above  the 
level  of  the  plain,  the  surface  of  which,  close  all  round, 
exhibits  its  usual  appearance:  here  we  have  a  hori- 
zontal basal  section  of  a  volcanic  spiracle,  which,  to- 
gether with  all  its  ejected  matter,  has  been  almost 
totally  obliterated. 

The  stream  of  lava,  which  fills  the  narrow  gorge  * 
eastward  of  the  town  of  Praya,  judging  from  its  course, 
seems,  as  before  remarked,  to  have  come  fix>m  Signal 
Post  Hill,  and  to  have  flowed  over  the  plain,  after  its 
elevation  :  the  same  observation  applies  to  a  stream 
(possibly  part  of  the  same  one)  capping  the  sea  cliffs,  a 
little  eastward  of  the  gorge.  When  I  endeavoured  to 
follow  these  streams  over  the  stony  level  plain,  which  is 
almost  destitute  of  soil  and  vegetation,  I  was  much 
surprised  to  find,  that  although  composed  of  hard 
basaltic  matter,  and  not  having  been  exposed  to  marine 
denudation,  all  distinct  traces  of  them  soon  become 
utterly  lost.  But  I  have  since  observed  at  the  Gala- 
pagos Archipelago,  that  it  is  often  impossible  to  follow 
even  great  deluges  of  quite  recent  lava  across  older 
streams,  except  by  the  size  of  the  bushes  growing  on 
them,  or  by  the  comparative  states  of  glossiness  of  their 
surfaces, — characters  which  a  short  lapse  of  time  would 
be  sufficient  quite  to  obscure.  I  may  remark,  that  in  a 
country,  with  a  dry  climate,  and  with  the  wind  blowing 

*  The  sides  of  this  goi^,  where  the  upper  basaltic  stratimi  is 
intersected,  are  almost  perpendicular.  The  lava,  which  has  since 
filled  it  up,  is  attached  to  these  sides,  almost  as  firmly  as  a  dike  is  to 
its  walls.  In  most  cases,  where  a  stream  of  laya  has  flowed  down  a 
valley,  it  is  bounded  on  each  side  by  loose  scoriaceoos  masses. 
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always  in  one  direction  (as  at  the  Cape  de  Verde  Archi- 
pelago), the  effects  of  atmospheric  degradation  are  pro- 
bably much  greater  than  would  at  first  be  expected ; 
for  soil  in  this  case  accumulates  only  in  a  few  protected 
hollows,  and  being  blown  in  one  direction,  it  is  always 
travelling  towards  the  sea  in  the  form  of  the  finest  dust, 
leaving  the  surface  of  the  rocks  bare,  and  exposed  to 
the  full  effects  of  renewed  meteoric  action. 

Inland  hdUs  of  more  aiident  volcanic  rocks. — ^These 
hills  are  laid  down  by  eye,  and  marked  as  A,  B,  C,  &c., 
in  the  woodcut-map.  They  are  related  in  mineralogical 
composition,  and  are  probably  directly  continuous  with 
the  lowest  rocks  exposed  on  the  coast.  These  hills, 
viewed  firom  a  distance,  appear  as  if  they  had  once 
formed  part  of  an  irregular  table-land,  and  from  their 
corresponding  structure  and  composition  this  probably 
has  been  the  case.  They  have  flat,  slightly  inclined 
summits,  and  are,  on  an  average,  about  600  feet  in 
height ;  they  present  their  steepest  slope  towards  the 
interior  of  the  ialand,  from  which  point  they  radiate 
outwards,  and  are  separated  from  each  other  by  broad 
and  deep  valleys,  through  which  the  great  streams  of 
lava,  forming  the  coast-plains,  have  descended.  Their 
inner  and  steeper  escarpments  are  ranged  in  an  ir- 
regular curve,  which  rudely  follows  the  line  of  the  shore, 
two  or  three  miles  inland  from  it.  I  ascended  a  few  of 
these  hills,  and  from  others,  which  I  was  able  to  examine 
with  a  telescope,  I  obtained  specimens,  through  the 
kindness  of  Mr.  Kent,  the  assistant-surgeon  of  the 
'  Beagle ';  although  by  these  means  I  am  acquainted  with 
only  a  part  of  the  range,  five  or  six  miles  in  length,  yet 
I  scarcely  hesitate,  from  their  uniform  structure,  to 
affirm  that  they  are  parts  of  one  great  formation,  stretch* 
ing  round  much  of  the  circumference  of  the  island. 

The   upper   and  lower  strata  of  these   hills  differ 
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greatly  in  composition.  The  tipper  are  basaltic,  gener- 
ally compact,  but  sometimes  scoriaceous  and  amygda- 
loidal,  with  associated  masses  of  wacke :  where  the  basalt 
is  compact,  it  is  either  fine-grained  or  very  coarsely 
crystallised ;  in  the  latter  case  it  passes  into  an  angitic 
rock,  containing  much  olivine;  the  olivine  is  either 
colourless,  or  of  the  usual  yellow  and  dull  reddish 
shades.  On  some  of  the  hills,  beds  of  calcareous  matter, 
both  in  an  earthy  and  in  a  crystalline  form,  including 
fragments  of  glossy  scorisB,  are  *  associated  with  the 
basaltic  strata.  These  strata  differ  from  the  streams  of 
basaltic  lava  forming  the  coast-plains,  only  in  being 
more  compact,  and  in  the  crystals  of  augite,  and  in  the 
gi*ains  of  olivine  being  of  much  greater  size  ;^-character8 
which,  together  with  the  appearance  of  the  associated 
calcareous  beds,  induce  me  to  believe  that  they  are  of 
submarine  formation. 

Some  considerable  masses  of  wacke,  which  are 
associated  with  these  basaltic  strata,  and  which  likewise 
occur  in  the  basal  series  on  the  coastj  especially  at 
Quail  Island,  are  curious.  They  consist  of  a  pale 
yellowish-green  argillaceous  substance,  of  a  crumbling 
texture  when  dry,  but  unctuous  when  moist :  in  its 
purest  form,  it  is  of  a  beautiful  green  tint,  with 
translucent  edges,  and  occasionally  with  obscure  traces 
of  an  original  cleavage.  Under  the  blowpipe  it  fuses 
very  readily  into  a  dark  gray,  and  sometimes  even  black 
bead,  which  is  slightly  magnetic.  From  these  char- 
acters, I  naturally  thought  that  it  was  one  of  the  pale 
species,  decomposed,  of  the  genps  augite ;  —a  cojiclusion 
supported  by  the  unaltered  rock  being  full  of  large 
separate  crystals  of  black  augite,  and  of  balls  and 
irregular  streaks  of  dark  gray  augitic  rock.  As  tlie 
basalt  ordinarily  consists  of  augite,  and  of  olivine  often 
tarnished  and  of  a  dall  red  colour,  I  was  led  to  examine 
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the  stages  of  decomposition  of  this  latter  mineral,  and 
I  found,  to  my  surprise,  that  I  could  trace  a  nearly 
perfect  gradation  from  unaltered  olivine  to  the  green 
wacke.  Part  of  the  same  grain  under  the  blowpipe 
would  in  some  instances  behave  like  olivine,  its  colour 
being  only  slightly  changed,  and  part  would  give  a 
black  magnetic  bead.  Hence  I  can  have  no  doubt  that 
the  greenish  wacke  originally  existed  as  olivine ;  but 
great  chemical  changes  must  have  been  effected  during 
the  act  of  decomposition,  thus  to  have  altered  a  very 
hard,  transparent,  infusible  mineral,  into  a  soft,  unctu- 
ous, easily  melted,  argillaceous  substance.^ 

The  basal  strata  of  these  hills,  as  well  as  some 
neighbouring,  separate,  bare,  rounded  hillocks,  consist 
of  compact,  fine-grained,  non-crystalline  (or  so  slightly 
as  scarcely  to  be  perceptible,)  ferruginous  feldspathic 
rocks,  and  generally  in  a  state  of  semi-decomposition. 
Their  fracture  is  exceedingly  irregular,  and  splintery ; 
yet  small  fragments  are  often  very  tough.  They 
contain  much  ferruginous  matter,  either  in  the  form  of 
minute  grains  with  a  metallic  lustre,  or  of  brown  hair- 
like threads  :  the  rock  in  this  latter  case  assuming  a 
pseudo-brecciated  structure.  These  rocks  sometimes 
contain  mica  and  veins  of  agate.  Their  rusty  brown  or 
yellowish  colour  is  partly  due  to  the  oxides  of  iron,  but 

>  D'Aubuisson,  'Traits  de  G6ognosie '  (torn.  ii.  p.  569), mentions, 
on  the  aathority  of  M.  Maroel  de  Berres,  masses  of  green  earth  near 
Montpellier,  which  are  supposed  to  be  dae  to  the  decomposition  of 
olivine.  I  do  not,  however,  find,  that  the  action  of  this  mineral 
under  the  blowpipe  being  entirely  altered,  as  it  becomes  decom- 
posed, has  been  noticed ;  and  the  knowledge  of  this  fact  is  im- 
portant, as  at  first  it  appears  highly  improbable  that  a  hard, 
transparent,  refractory  mineral  should  be  changed  into  a  soft, 
easily- fused,  clay,  like  this  of  St.  Jago.  I  shall  hereafter  describe 
a  green  substance,  forming  threads  within  the  cells  of  some  vesicular 
bMaltic  rocks  in  Van  Diemen*s  Land,  which  behave  under  the  blow- 
pipe like  the  green  wacke  of  St.  Jago ;  but  its  occurrence  in 
cylindrical  threads,  shows  it  cannot  have  resulted  from  the  decom- 
position of  olivine,  a  mineral  always  existing  in  the  form  of  graina 
or  crystals. 
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chiefly  to  innomerable,  micrcscopically  minute,  black 
specks,  which,  when  a  fragment  is  heated,  are  easily 
fased,  and  evidently  are  either  hornblende  or  angite. 
These  rocks,  therefore,  although  at  first  appearing  like 
baked  clay  or  some  altered  sedimentary  deposit,  contain 
all  the  essential  ingredients  of  trachyte ;  from  which 
they  differ  only  in  not  being  harsh,  and  in  not  con- 
taining crystals  of  glassy  feldspar.  As  is  so  often 
the  case  with  trachytic  formation,  no  stratification  is 
here  apparent.  A  person  would  not  readily  believe  that 
these  rocks  could  have  flowed  as  lava ;  yet  at  St.  Helena 
there  are  well  characterised  streams  (as  will  be  described 
in  an  ensuing  chapter)  of  nearly  similar  composition. 
Amidst  the  hillocks  composed  of  these  rocks,  I  found  in 
three  places,  smooth  conical  hills  of  phonolite,  abound- 
ing with  fine  crystals  of  glassy  feldspar,  and  with  needles 
of  hornblende.  These  cones  of  phonolite,  I  believe, 
bear  the  same  relation  to  the  surrounding  feldspathic 
strata  which  some  masses  of  coarsely  crystallised  augitic 
rock,  in  another  part  of  the  island,  bear  to  the  surround- 
ing basalt,  namely,  that  both  have  been  injected.  The 
rocks  of  a  ^Idspathic  nature  being  anterior  in  origin  to 
the  basaltic  strata,  which  cap  them,  as  well  as  to  the 
basaltic  streams  of  the  coast-plains,  accords  with  the 
usual  order  of  succession  of  these  two  grand  divisions  of 
the  volcanic  series. 

The  strata  of  most  of  these  hills  in  the  upper  part, 
where  alone  the  planes  of  division  are  distinguishable, 
are  inclined  at  a  small  angle  from  the  interior  of  the 
island  towards  the  sea-coast.  The  inclination  is  not  the 
same  in  each  hill ;  in  that  marked  A  it  is  less  than 
in  B,  D,  or  E ;  in  C  the  strata  are  scarcely  deflected 
firom  a  horizontal  plane,  and  in  F  (as  far  as  I  could 
judge  without  ascending  it)  they  are  slightly  inclined 
in  a  reverse  direction,  that  is,  inwards  and  towards  the 


CHAP.  I.  Valleys  near  the  Coast.  25 

centre  of  the  island.  Notwithstanding  these  differences 
of  inclination,  their  correspondence  in  external  form, 
and  in  the  composition  both  of  their  upper  and  lower 
parts, — their  relative  position  in  one  curved  line,  with 
their  steepest  sides  turned  inwards, — all  seem  to  show 
lihat  they  originally  formed  parts  of  one  platform  ; 
which  platform,  as  before  remarked,  probably  extended 
round  a  considerable  portion  of  the  circumference  of 
the  island.  The  upper  strata  certainly  flowed  as  lava, 
and  probably  beneath  the  sea,  as  perhaps  did  the  lower 
feldspathic  masses:  how  then  come  these  strata  to 
hold  their  present  position,  and  whence  were  they 
erupted  ? 

In  the  centre  of  the  island  *  there  are  lofty  moun- 
tains, but  they  are  separated  from  the  steep  inland 
flanks  of  these  hills  by  a  wide  space  of  lower  country : 
the  interior  mountains,  moreover,  seem  to  have  been 
the  source  of  those  great  streams  of  basaltic  lava  which, 
contracting  as  they  pass  between  the  bases  of  the  hiUs 
in  question,  expand  into  the  coast-plains.  Round  the 
shores  of  St.  Helena  there  is  a  rudely-formed  ring  of 
basaltic  rocks,  and  at  Mauritius  there  are  remnants  <£ 
another  such  a  ring  round  part,  if  not  round  the  whole, 
of  the  island ;  here  again  the  same  question  immediately 
occurs,  how  come  these  masses  to  hold  their  present 
position,  and  whence  were  they  erupted?  The  same 
answer,  whatever  it  may  be,  probably  applies  in  these 
three  cases ;  and  in  a  future  chapter  we  shall  recur  to 
this  subject. 

VaUeys  near  the  coast. — ^These  are  broad,  very  flat, 

*  I  saw  yery  little  of  the  inland  parts  of  the  island.  Neat  the 
village  of  St.  Domingo,  there  are  magnificent  cliffs  of  rather  coarsely 
cryst-allised  basaltic  lava.  Following  the  little  stream  in  this 
valley,  aboat  a  mile  above  the  village,  the  base  of  the  great  cliff 
was  formed  of  a  compact  fine-grained  basalt,  conformably  covered 
by  a  bed  of  pebbles.  Near  Fuentes,  I  met  with  pap* formed  hills  of 
the  compact  feldspa'hic  series  of  rocks. 
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and  generally  .bounded  by  low  cliflT-formed  sides.  Por- 
tions of  the  basaltic  plain  are  sometimes  nearly  or  quite 
isolated  by  them ;  of  which  fact,  the  place  on  which 
the  town  of  Praya  stands  offers  an  instance.  The  great 
valley  west  of  the  town  has  its  bottom  filled  up  to  a 
depth  of  more  than  twenty  feet  by  well-rounded  pebbles, 
which  in  some  parts  are  firmly  cemented  together  by 
white  calcareous  matter.  There  can  be  no  doubt,  from 
the  form  of  these  valleys,  that  they  were  scooped  out  by 
the  waves  of  the  sea,  during  that  equable  elevation  of 
the  land,  of  which  the  horizontal  calcareous  deposit, 
with  its  existing  species  of  marine  remains,  gives  evi- 
dence. Considering  how  well  shells  have  been  preserved 
in  this  stratum,  it  is  singular  that  I  could  not  find  even  a 
single  small  fragment  of  shell  in  the  conglomerate  at 
the  bottom  of  the  valleys.  The  bed  of  pebbles  in  the 
valley  west  of  the  town  is  intersected  by  a  second  valley 
joining  it  as  a  tributary,  but  even  this  valley  appears 
much  too  wide  and  flat-bottomed  to  have  been  formed 
by  the  small  quantity  of  water,  which  falls  only  during 
one  short  wet  season ;  for  at  other  times  of  the  year 
these  valleys  are  absolutely  dry. 

Recent  conglomerate.  —  On  the  shores  of  Quail 
Island,  I  found  fragments  of  brick,  bolts  of  iron, 
pebbles,  and  large  fragments  of  basalt,  united  by  a 
scanty  base  of  impure  calcareous  matter  into  a  firm 
conglomerate.  To  show  how  exceedingly  firm  this  recent 
conglomerate  is,  I  may  mention,  that  I  endeavoured 
with  a  heavy  geological  hammer  to  knock  out  a  thick 
bolt  of  ii'on,  which  was  embedded  a  little  above  low- 
water  mark,  but  was  quite  unable  to  succeed. 
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FebnANDO  'NouoviaA—PreeijntoM  hill  of  phonolite,  TebceirA— 
Traehytio  racks  ;  their  singular  deeom/foHtion  by  tteam  <ff  high  tem- 
perattire,  TAHITI — Pastage  from  nacke  into  trap  ;  tingvlar  t»i/- 
eetnic  rock  ftith  the  vencles  half  filled  ttith  mesotype,  Maubitius 
— Proofs  of  its  recent  elevation — Structure  of  its  more  ancient 
mountains  ;  similarity  vrith  St.  Jago,  St.  Paul's  Rocks— iVJi^  of 
volcanic  origin — their  singular  mineralogical  composition. 

Fernando  Noronha, — During  our  short  visit  at  this 
and  the  four  following  islands,  I  observed  very  little 
worthy  of  description.  Fernando  Noronha  is  situated 
in  the  Atlantic  Ocean,  in  lat.  8°  50'  S.,  and  230  miles 
distant  from  the  coast  of  South  America.  It  consists 
of  several  islets,  together  nine  miles  in  length  by  three 
in  breadth.  The  whole  seems  to  be  of  volcanic  origin ; 
although  there  is  no  appearance  of  any  crater,  or  of  any 
one  central  eminence.  The  most  remarkable  feature 
is  a  hill  1,000  feet  high,  of  which  the  upper  400  feet 
consist  of  a  precipitous,  singularly  shaped  pinnacle, 
formed  of  columnar  phonolite,  containing  numerous 
crystals  of  glassy  feldspar,  and  a  few  needles  of  horn- 
blende. From  the  highest  accessible  point  of  this  hill, 
I  could  distinguish  in  different  parts  of  the  group 
several  other  conical  hills,  apparently  of  the  same  nature. 
At  St.  Helena  there  are  similar,  great,  conical,  protu- 
berant masses  of  phonolite,  nearly  1,000  feet  in  height, 
which  have  been  formed  by  the  injection  of  fluid  feld- 
spathic  lava  into  yielding  strata.     If  this  hill  has  had. 
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as  is  probable,  a  similar  origin,  denudation  has  been 
here  effected  on  an  enormous  scale.  Near  the  base  of 
this  hill,  I  observed  beds  of  white  tuff,  intersected 
by  numerous  dikes,  some  of  amygdaloidal  basalt  and 
others  of  trachyte ;  and  beds  of  slaty  phonolite  with 
the  planes  of  cleavage  directed  NW.  and  SE.  Parts 
of  this  rock,  where  the  crystals  were  scanty,  closely  re- 
sembled common  clay-slat^,  altered  by  the  contact  of  a 
trap-dike.  The  lamination  of  rocks,  which  undoubtedly 
have  once  been  fluid,  appears  to  me  a  subject  well  deserv- 
ing attention.  On  the  beach  there  were  numerous  frag- 
ments of  compact  basalt,  of  which  rock  a  distant  facade 
of  columns  seemed  to  be  formed.  , 

TercffiTd  in  the  Azores. — The  central  parts  of  this 
island  consist  of  irregulai'Iy  rounded  mountains  of  no 
great  elevation,  composed  of  trachyte,  which  closely 
resembles  in  general  character  the  trachyte  of  Ascension, 
presently  to  be  described.  This  formation  is  in  many 
parts  overlaid,  in  the  usual  order  of  superposition,  by 
streams  of  basaltic  lava,  which  near  the  coast  compose 
nearly  the  whole  surface.  The  course  which  these 
streams  have  followed  from  their  craters,  can  often  be 
followed  by  the  eye.  The  town  of  Angra  is  overlooked 
by  a  crateriform  hill  (Mount  Brazil),  entirely  built  of 
thin  strata  of  fine-grained,  harsh,  brown-coloured  tuff. 
The  upper  beds  are  seen  to  overlap  the  basaltic  streams 
on  which  the  town  stands.  This  hill  is  almost  iden- 
tical in  structure  and  composition  with  numerous  crater- 
formed  hills  in  the  Galapagos  Archipelago. 

Effects  of  steam  on  the  trachytic  rocks. — In  the 
central  part  of  the  island  there  is  a  spot,  where  steam 
is  constantly  issuing  in  jets  from  the  bottom  of  a  small 
ravine-like  hollow,  which  has  no  exit,  and  which  abuts 
against  a  range  of  trachytic  mountains.  The  steam  is 
emitted  from  several  irregular  fissures :  it  is  scentless. 
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soon  blackens  iron,  and  is  of  much  too  high  temperature 
to  be  endured  by  the  hand.  The  manner  in  which  the 
solid  trachyte  is  changed  on  the  borders  of  these  orifices 
is  curious:  first,  the  base  becomes  earthy,  with  red 
freckles  evidently  due  to  the  oxidation  of  particles  of 
iron ;  then  it  becomes  soft ;  and  lastly,  even  the  crystals 
of  glassy  feldspar  yield  to  the  dissolving  agent.  After 
the  mass  is  converted  into  clay,  the  oxide  of  iron  seems 
to  be  entirely  removed  from  some  parts,  which  are  left 
perfectly  white,  whilst  in  other  neighbouring  parts, 
which  are  of  the  brightest  i-ed  colour,  it  seems  to  be 
deposited  in  greater  quantity ;  some  other  masses  are 
marbled  with  the  two  distinct  colours.  Portions  of  the 
white  clay,  now  that  they  are  dry,  cannot  be  distinguished 
by  the  eye  from  the  finest  prepared  chalk ;  and  when 
placed  between  the  teeth  they  feel  equally  soft-grained ; 
the  inhabitants  use  this  substance  for  white- washing 
their  houses.  The  cause  of  the  iron  being  dissolved  in 
one  part,  and  close  by  being  again  deposited,  is  obscure; 
but  the  fact  has  been  observed  in  several  other  places.* 
In  some  half-decayed  specimens,  I  found  small,  globular, 
aggregations  of  yellow  hyalite,  resembling  gum-arabic, 
which  no  doubt  had  been  deposited  by  the  steam. 

As  there  is  no  escape  for  the  rain-water,  which 
trickles  down  the  sides  of  the  ravine-like  hollow,  whence 
the  steam  issues,  it  must  all  percolate  downwards 
through  the  fissures  at  its  bottom.  Some  of  the  in- 
habitants informed  me  that  it  was  on  record  that 
flames  (some  luminous  appearance?)  had  originally 
proceeded  from  these  cracks,  and  that  the  flames  had 

*  Spallanzani,  Dolomieu  and  Hoffman  have  described  similar 
cases  in  the  Italian  volcanic  islands.  Dolomieu  says  the  iron  at  the 
Panza  Islands  is  redeposited  in  the  form  of  veins  (p.  86,  *  M6moire 
Borles  Isles  Ponoes ').  These  authors  likewise  believe  that  the  steam 
deposits  silica :  it  is  now  experimentally  knowu  that  vapour  of  a 
high  temperature  is  able  to  dissolve  silica. 
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been  succeeded  by  the  steam ;  but  I  was  not  able  to 
ascertain  how  long  this  was  ago,  or  anything  certain  on 
the  subject.  When  viewing  the  spot,  I  imagined  that 
the  injection  of  a  large  mass  of  rock,  like  the  cone  of 
phonolite  at  Fernando  Noronha,  in  a  semi-fluid  state,  by 
arching  the  surface  might  have  caused  a  wedge-shaped 
hollow  with  cracks  at  the  bottom,  and  that  the  rain- 
water percolating  to  the  neighbourhood  of  the  heated 
mass,  would  during  many  succeeding  years  be  driven 
back  in  the  form  of  steam. 

Tallin  (ptaJieite). — I  visited  only  a  part  of  the 
north-western  side  of  this  island,  and  this  part  is  en- 
tirely composed  of  volcanic  rocks.  Near  the  coast  there 
are  several  varieties  of  basalt,  some  abounding  with 
large  crystals  of  augite  and  tarnished  olivine,  others 
compact  and  earthy, — some  slightly  vesicular,  and 
others  occasionally  amygdaloidal.  These  rocks  are 
generally  much  decomposed,  and  to  my  surprise,  I  found 
in  several  sections  that  it  was  impossible  to  distinguish, 
even  approximately,  the  line  of  separation  between  the 
decayed  lava  and  the  alternating  beds  of  tuff.  Since 
the  specimens  have  become  dry,  it  is  rather  more  easy 
to  distinguish  the  decomposed  igneous  rocks  from  the 
sedimentary  tuffs.  This  gradation  in  character  be- 
tween rocks  having  such  widely  different  origins,  may  I 
think  be  explained  by  the  yielding  under  pressure  of 
the  softened  sides  of  the  vesicular  cavities,  which  in 
many  volcanic  rocks  occupy  a  large  proportion  of  their 
bulk.  As  the  vesicles  generally  increase  in  size  and 
number  in  the  upper  parts  of  a  stream  of  lava,  so  would 
the  effects  of  their  compression  increase;  the  yielding, 
moreover,  of  each  lower  vesicle  must  tend  to  disturb  all 
the  softened  matter  above  it.  Hence  we  might  expect 
to  trace  a  perfect  gradation  from  an  unaltered  crystal* 
line  rock  to  one  in  which  all  the  particles  (although 
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originally  forming  part  of  the  same  solid  mass)  had 
undergone  mechanical  displacement ;  and  snch  particles 
could  hardly  be  distingaished  from  others  of  similar 
composition,  which  had  been  deposited  as  sediment. 
As  lavas  are  sometimes  laminated  in  their  upper  parts, 
even  horizontal  lines,  appearing  like  those  of  aqueous 
deposition,  could  not  in  all  cases  be  relied  on  as  a 
criterion  of  sedimentary  origin.  From  these  considera^ 
tions  it  is  not  surprising  that  formerly  many  geologists 
believed  in  real  transitions  from  aqueous  deposits, 
through  wacke,  into  igneous  traps. 

In  the  valley  of  Tia-auru,  the  commonest  rocks  are 
basalts  with  much  olivine,  and  in  some  cases  almost 
composed  of  large  crystals  of  augite.  I  picked  up  some 
specimens,  with  much  glassy  feldspar,  approaching  in 
character  to  trachyte.  There  were  also  many  large 
blocks  of  vesicular  basalt,  with  the  cavities  beautifully 
lined  with  chabasie  (?),  and  radiating  bundles  of  meso- 
type.  Some  of  these  specimens  presented  a  curious 
appearance,  owing  to  a  number  of  the  vesicles  being 
half  filled  up  with  a  white,  soft,  earthy  mesotypic 
mineral,  which  intumesced  under  the  blowpipe  in 
a  remarkable  manner.  As  the  upper  surfaces  in  all 
the  half-filled  cells  are  exactly  parallel,  it  is  evident 
that  this  substance  has  sunk  to  the  bottom  of  each  cell 
from  its  weight.  Sometimes,  however,  it  entirely  fills 
the  cells.  Other  cells  are  either  quite  filled,  or  lined, 
with  small  crystals,  apparently  of  chabasie ;  these 
crystals,  also,  frequently  line  tha  upper  half  of  tJie  cells 
partly  filled  with  the  earthy  mineral,  as  well  as  the 
upper  surface  of  this  substance  itself,  in  which  oase  the 
two  minerals  appear  to  blend  into  each  other.  I  have 
never  seen  any  other  amygdaloid  ^  with  the  cells  half 

*  MacCuIloch,  boweyer,  bAs  described  and  given    a  plate  of/ 
'  Geolog.  Trans.,*  Ist  Series,  toI.  iv.  p.  225)  a  trap  rock,  with  cavities 
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filled  in  the  manner  here  described ;  and  it  is  difficult 
to  imagine  the  canses  which  determined  the  earthy 
mineral  to  sink  from  its  gravity  to  the  bottom  of  the 
cells,  and  the  crystalline  mineral  to  adhere  in  a  coating 
of  equal  thickness  round  the  sides  of  the  cells. 

The  basaltic  strata  on  the  sides  of  the  valley  are 
gently  inclined  seaward,  and  I  nowhere  observed  any 
sign  of  disturbance ;  the  strata  are  separated  from  each 
other  by  thick,  compact  beds  of  conglomerate,  in  which 
the  fragments  are  large,  some  being  rounded,  but  most 
angular.  From  the  character  of  these  beds,  from  the 
compact  and  crystalline  condition  of  most  of  the  lavas, 
and  from  the  nature  of  the  infiltrated  minerals,  I  was 
led  to  conjecture  that  they  had  originally  flowed  beneath 
the  sea.  This  conclusion  agrees  with  the  fact  that  the 
Rev.  W.  Ellis  found  marine  remains  at  a  considerable 
height,  which  he  believes  were  interstratified  with 
volcanic  matter ;  as  is  likewise  described  to  be  the  case 
by  Messrs.  Tyerman  and  Bennett  at  Huaheine,  an  island 
in  this  same  archipelago.  Mr.  Stutchbury  also  dis- 
covered near  the  summit  of  one  of  the  loftiest  moun- 
tains of  Tahiti,  at  the  height  of  several  thousand  feet, 
a  stratum  of  semi-fossil  coral.  None  of  these  remains 
have  been  specifically  examined.  On  the  coast,  where 
masses  of  coral  rock  would  have  afforded  the  clearest  evi- 
dence, I  looked  in  vain  for  any  signs  of  recent  elevation. 
For  references  to  the  above  authorities,  and  for  more 
detailed  reasons  for  not  believing  that  Tahiti  has  been 
recently  elevated,  I  must  refer  to  my  volume  on  the 
*'  Structure  and  Distribution  of  Coral  Reefs '  (p.  138  of 
the  1st  edit.,  or  p.  182  of  the  2nd.  edit.). 

filled  np  liorizontally  with  quartz  and  chalcedony.    The  upper 
halves  of  these  cavities  are  often  filled  by  layers,  which  follow  each 
irregularity  of  the  surface,  and  by  little  depending  stalactites  of  the 
'same  siliceous  substances. 
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MawrUius.  —  Approaching  this  island  on  the 
northern  or  north-western  side,  a  curved  chain  of  bold 
moantains,  surmoanted  by  ragged  pinnacles,  is  seen  to 
rise  from  a  smooth  border  of  cultivated  land,  which 
gently  slopes  down  to  the  coast.  At  the  first  glance, 
one  is  tempted  to  believe  that  the  sea  lately  reached 
the  base  of  these  mountains,  and  upon  examination, 
this  view,  at  least  with  respect  to  the  inferior  parts  of 
the  border,  is  found  to  be  perfectly  correct.  Several 
authors '  have  described  masses  of  upraised  coral  rock 
round  the  greater  part  of  the  circumference  of  the 
island.  Between  Tamarin  Bay  and  the  Great  Black 
River  I  observed,  in  company  with  Gapt.  Lloyd,  two 
hillocks  of  coral  rock,  formed  in  their  lower  part  of 
hard  calcareous  sandstone,  and  in  their  upper  of  great 
blocks,  slightly  aggregated,  of  Astraea  and  Madrepora, 
and  of  fragments  of  basalt ;  they  were  divided  into  beds 
dipping  seaward,  in  one  case  at  an  angle  of  8^,  and  in 
the  other  at  18^;  they  had  a  water-worn  appearance, 
and  they  rose  abruptly  from  a  smooth  surface,  strewed 
with  rolled  debris  of  organic  remains,  to  a  height  of 
about  twenty  feet.  The  Officier  du  Roi,  in  his  most 
interesting  tour  in  1768  round  the  island,  has  described 
masses  of  upraised  coral  rocks,  still  retaining  that  moat- 
like structure  (see  *  Coral  Reefs,'  2nd  edit.  p.  69) 
which  is  characteristic  of  the  living  reefs.  On  the 
coast  northward  of  Port  Louis,  I  found  the  lava  con- 
cealed for  a  considerable  space  inland  by  a  conglo- 
merate of  corals  and  shells,  like  those  on  the  beach, 
but  in  parts  consolidated  by  red  ferruginous  matter. 

1  Captain  Carmiobael,  in  Hooker's  <  Bot.  Misc.'  yol.  11.  p.  801. 
Captain  Lloyd  has  lately.  In  the  *  Proceedings  of  the  Geological 
Society '(voL  ilL  p.  317),  described  carefully  some  of  these  ma<«ses. 
In  the  •  Voyage  &  I'lsle  de  France,  par  un  Officier  du  Roi,'  many 
interesting  facts  are  given  on  this  subject.  Consult  also  *  Voyage 
aox  Qnatre  Isles  d'Afrique,  par  M.  Bory  St.  Vincent.' 
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M.  Bory  St.  Vincent  has  described  similar  calcareous  beds 
over  nearly  the  whole  of  the  plain  of  Pamplemousses. 
Near  Port  Louis,  when  turning  over  some  large  stones, 
which  lay  in  the  bed  of  a  stream  at  the  head  of  a  pro- 
tected creek,  and  at  the  height  of  some  yards  above  the 
level  of  spring  tides,  I  found  several  shells  of  serpula 
still  adhering  to  their  under  sides. 

The  jagged  mountains  near  Port  Louis  rise  to  a 
height  of  between  2,000  and  3,000  feet ;  they  consist 
of  strata  of  basalt,  obscurely  separated  from  each  other 
by  firmly  aggregated  beds  of  fragmentary  matter ;  and 
they  are  intersected  by  a  few  vertical  dikes.  The 
basalt  in  some  parts  abounds  with  large  crystals  of 
augite  and  olivine,  and  is  generally  compact.  The 
interior  of  the  island  forms  a  plain,  raised  probably 
about  a  thousand  feet  above  the  level  of  the  sea,  and 
composed  of  streams  of  lava  which  have  flowed  round 
and  between  the  rugged  basaltic  mountains.  These 
more  recent  lavas  are  also  basaltic,  but  less  compact, 
and  some  of  them  abound  with  feldspar,  so  that  they 
even  fuse  into  a  pale  coloured  glass.  On  the  banks  of 
the  Great  Biver,  a  section  is  exposed  nearly  500  feet 
deep,  worn  through  numerous  thin  sheets  of  the  lava  of 
this  series,  which  are  separated  from  each  other  by  beds 
of  scoriffi.  They  seem  to  have  been  of  subaSrial  forma- 
tion, and  to  have  flowed  from  several  poinU^of  eruption 
on  the  central  platform,  of  which  the  .Piton  du  Milieu 
is  said  to  be  the  principal  one;  There  ate  also  several 
vdcanic  cones,  apparently  of  this  modem  period,  round 
the  circumference  of  the  island,  especially  at  the 
northern  end,  where  they  form  separate  islets. 

The  mountains  composed  of  the  more  compact  and 
cr3rstalline  basalt,  form  the, main  skeleton  of  the  island. 
M.  Bailly  ^  states  that  they  all  '  se  d^veloppent  autour 
*  *  Voyage  anz  Terret  Aasti  ales,*  torn.  i.  p.  5i. 
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shorter  axis,  measured  across  from  the  inner  sides  of 
the  mountains  near  Port  Louis  and  those  near  Grand 
Port,  being  no  less  than  thirteen  geogi*aphical  miles  ia 
length.  M.  Bailly  boldly  supposes  that  this  enormous 
gulf,  which  has  since  been  filled  up  to  a  great  extent 
by  streams  of  modem  lava,  was  formed  by  the  sinking 
in  of  the  whole  upper  part  of  one  great  volcano. 

It  is  singular  in  how  many  respects  those  portions 
of  St.  Jago  and  of  Mauritius  which  I  visited  agree  in 
their  geological  history.  At  both  islands,  mountains 
of  similar  external  form,  stratification,  and  (at  least  in 
their  upper  beds)  composition,  follow  in  a  curved  chain 
the  coast-line.  These  mountains  in  each  case  appear 
originally  to  have  formed  parts  of  one  continuous  mass. 
The  basaltic  strata  of  which  they  are  composed,  from 
their  compact  and  crystalline  structure,  seem,  when 
contrasted  with  the  neighbouring  basaltic  streams  of 
subaerial  formation,  to  have  flowed  beneath  the  pressure 
of  the  sea,  and  to  have  been  subsequently  elevated 
We  may  suppose  that  the  wide  breaches  between  the 
mountains  were  in  both  cases  worn  by  the  waves, 
during  their  gradual  elevation — of  which  process,  within 
recent  times,  there  is  abundant  evidence  on  the  coast- 
land  of  both  islands.  At  both,  vast  streams  of  more 
recent  basaltic  lavas  have  flowed*  from  the  interior  of 
the  island,  roujid  and  between  the  ancient  basaltic  hills ; 
at  both,  moreover,  recent  cones  of  eruption  are  scattered 
around  the  circumference  of  the  island ;  but  at  neither 
have  eruptions  taken  place  within  the  period  of  history. 
As  remarked  in  the  last  chapter,  it'  is  probable  that 
these  ancient  basaltic  mountains,  which  resemble  (at 
least  in  many  respects)  the  basal  and  disturbed  remnants 
of  two  gigantic  volcanos,  owe  their  pi*esent  form,  stmo* 
ture,  and  position,  to  the  action  of  similar  causes. 

St,  PaiiCs  Rodcs. — ^This  small  island  is  situated  in 
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shorter  axis,  measured  across  from  the  inner  sides  of 
the  mountains  near  Port  Louis  and  those  near  Grand 
Port,  being  no  less  than  thirteen  geogi*aphical  miles  ia 
length.  M.  Bailly  boldly  supposes  that  this  enormous 
gulf,  which  has  since  been  filled  up  to  a  great  extent 
by  streams  of  modem  lava,  was  formed  by  the  sinking 
in  of  the  whole  upper  part  of  one  great  volcano. 

It  is  singular  in  how  many  respects  those  portions 
of  St.  Jago  and  of  Mauritius  which  I  visited  agree  in 
their  geological  history.  At  both  islands,  mountains 
of  similar  external  form,  stratification,  aud  (at  least  in 
their  upper  beds)  composition,  follow  in  a  curved  chain 
the  coast-line.  These  mountains  in  each  case  appear 
originally  to  have  formed  parts  of  one  continuous  mass. 
The  basaltic  strata  of  which  they  are  composed,  from 
their  compact  and  crystalline  structure,  seem,  when 
contrasted  with  the  neighbouring  basaltic  streams  of 
subaSrial  formation,  to  have  flowed  beneath  the  pressure 
of  the  sea,  and  to  have  been  subsequently  elevated 
We  may  suppose  that  the  wide  breaches  between  the 
mountains  were  in  both  cases  worn  by  the  waves, 
during  their  gradual  elevation — of  which  process,  within 
recent  times,  there  is  abundant  evidence  on  the  coast- 
land  of  both  islands.  At  both,  vast  streams  of  more 
recent  basaltic  lavas  have  flowed*  from  the  interior  of 
the  island,  roujid  and  between  the  ancient  basaltic  hills ; 
at  both,  moreover,  recent  cones  of  eruption  are  scattered 
around  the  circumference  of  the  island ;  but  at  neither 
have  eruptions  taken  place  within  the  period  of  history. 
As  remarked  in  the  last  chapter,  it'  is  probable  that 
these  ancient  basaltic  mountains,  which  resemble  (at 
least  in  many  respects)  the  basal  and  disturbed  remnauts 
of  two  gigantic  volcanos,  owe  their  present  form,  struo- 
ture,  and  position,  to  the  action  of  similar  causes. 

SL  PaitCs  Roolis, — This  small  island  is  situated  in 
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large.  Of  these  vein-like  masses,  some  calcareous  on<^ 
which  contain  minnte  fragments  of  shells,  are  clearly 
of  subsequent  origin  to  the  others. 

A  gloMy  inerustaiion. — ^Extensive  portions  of  these 
rocks  are  coated  by  a  layer  of  a  glossy  polished  sab- 
stance,  with  a  pearly  lustre  and  of  a  grayish  white 
colour ;  it  follows  all  the  inequalities  of  the  snr&ce,  to 
which  it  is  firmly  attached.  TVhen  examined  with  a 
lens,  it  is  found  to  consLst  of  numerous  exceedingly  thin 
layers,  their  aggregate  thickness  being  about  tbe  tenth 
of  an  inch.  It  is  considerably  harder  than  calcareous 
spar,  but  can  be  scratched  with  a  knife;  under  the 
blowpipe  it  scales  off,  decrepitates,  slightly  blackens, 
emits  a  fetid  odour,  and  becomes  strongly  alkaline  :  it 
does  not  effervesce  in  acids.  ^  I  presume  tbis  substance 
has  been  deposited  by  water  draining  from  the  birds' 
dung,  with  which  the  rocks  are  covered.  At  Ascension, 
near  a  cavity  in  the  rocks  which  was  filled  with  a 
laminated  mass  of  infiltrated  birds'  dung,  I  found  some 
irregularly-formed,  stalactitical  masses  of  apparently 
the  same  nature.  These  masses,  when  broken,  had  an 
earthy  texture ;  but  on  their  outsides,  and  especially  at 
their  extremities,  they  were  formed  of  a  pearly  sub- 
stance, generally  in  little  globules,  like  the  enamel  of 
teeth,  but  more  translucent,  and  so  hard  as  just  to 
scratch  plate-glass.  This  substance  slightly  blackens 
under  the  blowpipe,  emits  a  bad  smell,  then  becomes 
quite  white,  swelling  a  little,  and  fuses  into  a  dull  white 
enamel ;  it  does  not  become  alkaline ;  nor  does  it 
effervesce  in  acids.  The  whole  mass  had  a  collapsed 
appearance,  as  if  in  the  formation  of  the  hard  glossy 
crust  the  whole  had  shrunk  much.  At  the  Abrolhos 
Islands  on  the  coast  of  Brazil,  where  also  there  is  much 

'  In  my  Jonmal  I  have  described  this  si  bs  aiice ;  I  then  believed 
that  it  was  an  impure  phosphate  of  lime. 
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birds'  dung,  I  found  a  great  quantity  of  a  brown, 
arborescent  substance  adhering  to  some  trap-rock.  In 
its  arborescent  form,  this  substance  singularly  resembles 
some  of  the  branched  species  of  Nullipora.  Under  the 
blowpipe,  it  behaves  like  the  specimens  from  Ascension; 
but  it  is  less  hard  and  glossy,  and  the  surface  has  not 
the  shrunk  appearanca 
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CHAPTER  irt. 

ASCENSION. 

BasaUie  lavas — yumeraus  eraten  truncated  on  ths  same  side — 
Singular  structure  of  voleanie  bombs — A'eriform  emidosioHS— -Ejected 
granUie fragments — Tranhgtio  rocks — Singular  veins-^asj/er^  its 
manner  of  formation — Concretions  in  pumiceovs  tuff — Cdloareotts 
drposits  and  frondtscent  incrustations  on  the  coast— Rem/irkable 
laviinated  beds,  alternating  with,  and  passing  into  obsidian — 
Origin  i^ obsidian — Lamination  oj  volcanic  rocks. 

This  island  is  sitaated  in  the  Atlantic  Ocean,  in  lat.  8^ 
S.,  long.  14°  W.  It  has  the  form  of  an  irregular  triangle 
(see  accompanying  Map),  each  side  being  aboat  six 
miles  in  length.  Its  highest  point  is  2,870  feet^  above 
the  level  of  the  sea.  The  whole  is  volcanic,  and,  from 
the  absence  of  proofs  to  the  contrary,  I  believe  of  sub- 
aerial  orgin.  The  fundamental  rock  is  everywhere  of 
a  pale  colour,  generally  compact,  and  of  a  feldspathic 
nature.  In  the  SE.  portion  of  the  island,  where  the 
highest  land  is  situated,  well  characterised  trachyte, 
and  other  congenerous  rocks  of  that  varying  family, 
occur.  Nearly  the  entire  circumference  is  covered  up 
by  black  and  rugged  streams  of  basaltic  lava,  with  here 
and  there  a  hill  or  single  point  of  rock  (one  of  which 
near  the  sea-coast,  north  of  the  Fort,  is  only  two  or 
three  yards  across)  of  the  trachyte  still  remaining 
exposed. 

Basaltic  rocks. — ^The   overlying   basaltic   lava  is  iu 

I  <  Geographical  Journal/  vol.  v.  p.  213. 
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some  parts  extremely  vesicalar,  in  others  little  so ;  it  is 
of  a  black  colour,  but  sometimes  contains  crystals  of 
glassy  feldspar,  and  seldom  much  olivine.  These 
streams  appear  to  have  possessed  singularly  little 
fluidity;  their  side  walls  and  lower  ends  being  very 
steep,  and  even  as  much  as  between  twenty  or  thirty 
feet  in  height.  Their  surface  is  extraordinarily  rugged, 
and  from  a  short  distance  appears  as  if  studded  with 
small  craters.  These  projections  consist  of  broad, 
irregularly  conical,  hillocks,  traversed  by  fissures,  and 
composed  of  the  same  unequally  scoriaceous  basalt  with 
the  surrounding  streams,  but  having  an  obscure  ten- 
dency to  a  columnar  structure ;  they  rise  to  a  height 
between  ten  and  thirty  feet  above  the  general  surface, 
and  have  been  formed,  as  I  presume,  by  the  heaping  up 
of  the  viscid  lava  at  points  of  greater  resistance.  At 
the  base  of  several  of  these  hillocks,  and  occasionally 
likewise  on  more  level  parts,  solid  ribs,  composed  of 
angulo-globular  masses  of  basalt,  resembling  in  size 
and  outline  arched  sewers  or  gutters  of  brickwork,  but 
not  being  hollow,  project  between  two  or  three  feet 
above  the  surface  of  the  streams;  what  their  origin 
may  have  been,  I  do  not  know.  Many  of  the  super- 
ficial fragments  from  these  basaltic  streams  present 
singularly  convoluted  forms ;  and  some  specimens  could 
hardly  be  distinguished  from  logs  of  dark-coloured  wood 
without  their  bark. 

Many  of  the  basaltic  streams  can  be  traced,  either 
to  points  of  eruption  at  the  base  of  the  great  central 
mass  of  trachyte,  or  to  separate,  conical,  red-coloured 
hills,  which  are  scattered  over  the  northern  and  western 
borders  of  the  island.  Standing  on  the  central  eminence, 
I  counted  between  twenty  and  thirty  of  these  cones  of 
eruption.  The  greater  number  of  them  had  their  trun- 
cated summits  cut  off  obliquely,  and   they  all  sloped 
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towards  the  SE.,  whence  the  trade-wind  blows.'  This 
structure  no  doubt  has  been  caused  by  the  ejected 
fragments  and  aahes  being  always  blown,  during  erup- 
tions, in  greater  quantity  towards  one  side  than  towards 
the  other  M.  Moreau  de  Jonnde  has  made  a  similar 
observation  with  re8i)ect  to  the  volcanic  orifices  in  the 
West  Indian  Islands. 

Voicanic   bombs. — These   occur   in    great   nonibers 

strewed  on  the  ground,  and  some  of  them  lie  at  con- 

siderable  distances  from  any  points  of  eruption.     They 

vary  in  size  from  that  of  an  apple  to  that  of  a  man's 

No.  3 


body  ;  they  are  either  spherical  or  pear-shaped,  or  with 
the  hinder  part  (corresponding  to  the  tail  of  a  comet) 

'  M.  I.eMon,  fn  Ihe  '  Zoology  of  the  Voyage  of  tbe  "  Coqnille  ■■ ' 
(p,  iOn),  haa  obiieTvcd  this  fact.  Mr.  Hennah  ('  OeoloK.  Proceedlnits.' 
1S36.  p.  180)  turlber  remarka  that  the  nont  exlenxive  beilB  of  ulwa 
■t  A*c«D«ioQ  invariably  oocur  on  the  leeward  aiile  ol  the  ialAod, 
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some  parts  extremely  vesicular,  in  others  little  so ;  it  is 
of  a  black  colour,  but  sometimes  contains  cryatala  of 
glassy  feldspar,  and  Beldom  much  olivine.  These 
streams  appear  to  have  possessed  singularly  little 
fluidity;  their  side  walls  and  lower  ends  being  very 
steep,  and  even  as  much  as  between  twenty  or  thirty 
feet  in  height.  Their  surface  is  extraordinarily  rugged, 
and  from  a  short  distance  appears  as  if  studded  witli 
small  craters.  These  projections  consist  of  broad, 
irregularly  conical,  hillocks,  traversed  by  fissures,  and 
composed  of  the  same  unequally  scoriaceons  basalt  with 
the  surrounding  streams,  but  having  an  obscure  ten- 
dency to  a  columnar  structure  ;  they  rise  to  a  height 
between  ten  and  thirty  feet  above  the  general  surface, 
and  have  been  formed,  as  I  presume,  by  the  heaping  up 
of  the  viscid  lava  at  points  of  greater  resistance.  At 
the  base  of  several  of  these  hillocks,  and  occasionally 
likewise  on  more  level  parts,  solid  ribs,  composed  of 
angulo-globular  masses  of  basalt,  resembling  in  size 
and  outline  arched  sewers  or  gutters  of  brickwork,  but 
not  being  hollow,  project  between  two  or  three  ft-et 
above  the  surface  of  the  streams;  what  their  origin 
may  have  been,  I  do  not  know.  Many  of  the  super- 
ficial fragments  from  these  basaltic  streams  present 
singularly  convoluted  forms  ;  and  some  specimens  could 
hardly  be  distinguished  from  logs  of  dark-coloured  wood 
without  their  bark. 

Many  of  the  basaltic  streams  can  be  traced,  either 
to  points  of  eruption  at  the  base  of  the  great  central 
mass  of  trachyte,  or  to  separate,  conical,  red-coloured 
hills,  which  are  scattered  over  the  northern  and  western 
borders  of  the  island.  Standing  on  the  central  eminence, 
I  counted  between  twenty  and  thirty  of  these  cones  of 
eruption.  The  greater  number  of  them  had  their  trun- 
cated summits  cut  off  obliquely,  and   they  all  sloped 


CHAP.  m.  Volcanic  Bombs,  43 

irregular,  stadded  with  projecting  points,  and  even 
concave.  Their  surfaces  are  rough,  and  fissured  with 
branching  cracks ;  their  internal  structure  is  either 
irregularly  scoriaceous  and  compact,  or  it  presents  a 
symmetrical  and  very  curious  appearance.  An  irregular 
segment  of  a  bomb  of  this  latter  kind,  of  which  I 
found  several,  is  accurately  represented  in  the  accom- 
panying woodcut.  Its  size  was  about  that  of  a  man's 
head.  The  whole  interior  is  coarsely  cellular ;  the  cells 
averaging  in  diameter  about  the  tenth  of  an  inch  ;  but 
nearer  the  outside  they  gradually  decrease  in  size.  This 
part  is  succeeded  by  a  well-defined  shell  of  compact 
lava,  having  a  nearly  tmiform  thickness  of  about  the 
third  of  an  inch ;  and  the  shell  is  overlaid  by  a  some- 
what thicker  coating  of  finely  cellular  lava  (the  cells 
varying  from  the  fiftieth  to  the  hundredth  of  an  inch  in 
diameter),  which  forms  the  external  surface  :  the  line 
se|>arating  the  shell  of  compact  lava  from  the  outer 
^coriaceous  crust  is  distinctly  defined.  This  structure 
is  very  simply  explained,  if  we  suppose  a  mass  of  viscid, 
scoriaceous  matter,  to  be  projected  with  a  rapid,  rota- 
tory motion  through  the  air ;  for  whilst  the  external 
crust,  from  cooling,  became  solidified  (in  the  state  we 
now  see  it),  the  centrifugal  force,  by  relieving  the 
pressure  in  the  interior  parts  of  the  bomb,  would  allow 
the  heated  vapours  to  expand  their  cells ;  but  these 
being  driven  by  the  same  force  against  the  already- 
hardened  crust,  would  become,  the  nearer  they  were  to 
this  part,  smaller  and  smaller  or  less  expanded,  until 
they  became  packed  into  a  solid,  concentric  shell.  As 
we  know  that  chips  from  a  grindstone  '  can  be  flirted 
off,  when  made  to  revolve  with  sufficient  velocity,  we 
need  not  doubt  that  the  centrifugal  force  would  have 
power  to  modify  the  structure  of  a  soflened  bomb,  in 

'  Kicbors  'Architecture  of  the  Heavens/ 
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the  manner  here  supposed.  Geologists  have  remarked, 
that  the  external  form  of  a  bomb  at  once  bespeaks  the 
histoiy  of  its  aerial  course,  and  we  now  see  that  the 
internal  Gtmcture  can  speak,  with  almost  equal  plainness, 
of  its  rotatory  movement. 

M.  Bory  St.  Vincent  '  has  described  some  balls  of 
lava  from  the  Isle  of  Bourbon,  which  hare  a  cloflely 
similur  strnctare ;  his  explanation,  however  (if  I  under- 
stand it  rightly),  is  very  different  from  that  which  I 
have  given ;  for  he  supposes  that  they  have  rolled,  like 
snow-balls,  down  the  sides  of  the  crater.  M.  Bendant,* 
also,  has  described  some  singalar  little  balls  of  obsidian, 
never  more  than  six  or  eight  inches  in  diameter,  which 
he  found  strewed  on  the  surface  of  the  ground  :  their 
form  is  always  oval ;  sometimes  they  are  much  swpllen 
in  the  middle,  and  even  spindle-shaped  :  their  surface 
is  rf^larly  marked  with  concentric  ridges  and  furrows, 
all  of  which  on  the  same  ball  are  at  right  angles  to  one 
axis :  their  interior  is  compact  and  glassy,  M.  Bendant 
supposes  that  masses  of  lava, 
when  soft,  were  shot  into  the  air, 
with  a  rotatory  movement  ronnd 
the  same  asis,  and  that  the  form 
and  superficial  ridges  of  the 
bombs  were  thus  produced.  Sir 
Thomas  Mitchell  has  given  me 
what  at  first  appears  t«  be  the 
half  of  a  much  flattened  oval  ball 
of  obsidian ;  it  has  a  singular 
artificial-like  appearance,  which 
ibo'sMdiufma  is  Well  represented  (of  the  natural 
rt^'J^7i;-^;-J?:«  size)  in  the  accompanying  wood- 

> '  Voyoffe  anz  QoatK  IhIs*  d'Afrique.'  torn.  I.  p.  233. 
■  •  Voyage  BD  Uougrie,'  lom.  ii-  p.  211. 
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sent  state,  on  a  great  sandy  plain  between  the  rivers 
Darling  and  Murray,  in  Australia,  and  at  the  distance 
of  several  hundred  miles  from  any  known  volcanic 
region.  It  seems  to  have  been  embedded  in  some 
reddish  tufaceous  matter;  and  may  have  been  trans- 
ported either  by  the  aborigines  or  by  natural  means. 
The  external  saucer  consists  of  compact  obsidian,  of  a 
bottle-green  colour,  and  is  filled  with  finely-cellular 
black  lava,  much  less  transparent  and  glassy  than  the 
obsidian.  The  external  surface  is  marked  with  four 
or  five  not  quite  perfect  ridges,  which  are  represented 
rather  too  distinctly  in  the  woodcut.  Here  then  we 
have  the  external  structure  described  by  M.  Beudant, 
and  the  internal  cellular  condition  of  the  bombs  from 
Ascension.  The  lip  of  the  saucer  is  slightly  concave, 
exactly  like  the  margin  of  a  soup-plate,  and  its  inner 
edge  overlaps  a  little  the  central  cellular  lava.  This 
structure  is  so  symmetrical  round  the  entire  circum- 
ference, that  one  is  forced  to  suppose  that  the  bomb 
burst  during  its  rotatory  course,  before  being  quite 
solidified,  and  that  the  lip  and  edges  were  thus  slightly 
modified  and  turned  inwards.  It  may  be  remarked  that 
the  superficial  ridges  are  in  planes,  at  right  angles  to  an 
axis,  transverse  to  the  longer  axis  of  the  flattened  oval : 
to  explain  this  circumstance,  we  may  suppose  that  when 
the  bomb  burst,  the  axis  of  rotation  changed. 

Aeriform  explosions, — ^The  flanks  of  Green  Moun- 
tain and  the  surrounding  country  are  covered  by  a 
great  mass,  some  hundred  feet  in  thickness,  of  loose 
fragments.  The  lower  beds  generally  consist  of  fine- 
grained, slightly  consolidated  tuffs,*  and  the  upper  beds 
of  great  loose  fragments,  with  alternating  finer  beds.* 

*  Some  of  this  peperino,  or  tnff,  is  sufficiently  hard  not  to  be 
broken  by  the  greatest  force  of  the  fingers. 

*  On  the  northern  side  of  the  Green  Mountain  a  thin  seam,  about 
an  inch  in  thickness,  of  compact  oxide  of  iron,  extends  over  a  con- 
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One  white  ribbon-like  layer  of  decomposed,  pnmiceous 
breccia,  was  curiously  bent  into  deep  unbroken  curves, 
beneath  each  of  the  larger  fragments  in  the  superin- 
cumbent stratum.  From  the  relative  position  of  these 
beds,  I  presume  that  a  narrow-mouthed  crater,  standing 
nearly  in  the  position  of  Green  Mountain,  like  a  great 
air-gun,  shot  forth,  before  its  final  extinction,  this  vast 
accumulation  of  loose  matter.  Subsequently  to  this 
event,  considerable  dislocations  have  taken  place,  and 
an  oval  circus  has  been  formed  by  subsidence.  This 
sunken  space  lies  at  the  north-eastern  foot  of  Green 
Mountain,  and  is  well  represented  in  the  accompanying 
map.  Its  longer  axis,  which  is  connected  with  a  NE. 
and  SW.  line  of  fissure,  is  three-fifths  of  a  nautical  mile 
in  length ;  its  sides  are  nearly  perpendicular,  except  in 
one  spot,  and  about  400  feet  in  height ;  they  consist,  in 
the  lower  part,  of  a  pale  basalt  with  feldspar,  and  in  the 
upper  part,  of  the  tuff  and  loose  ejected  fragments ; 
the  bottom  is  smooth  and  level,  and  under  almost  any 
other  climate  a  deep  lake  would  have  been  formed 
here.  From  the  thickness  of  the  bed  of  loose  fragments, 
with  which  the  surrounding  country  is  covered,  the 
amount  of  aSriform  matter  necessary  for  their  projection 
must  have  been  enormous ;  hence  we  may  suppose  it 
probable  that  after  the  explosions  vast  subterranean 
caverns  were  left,  and  that  the  falling  in  of  the  roof  of 
one  of  these  produced  the  hollow  here  described.  At 
the  Galapagos  Archipelago,  pits,  of  a  similar  character, 

siderable  area ;  it  lies  conformably  in  the  lower  part  of  the  Rtratified 
masR  of  ashes  and  fragments.  This  substance  is  of  a  reddish -brown 
CO  our,  with  an  almost  metallic  lustre ;  it  is  not  magnet'c,  but  be- 
comes so  after  having  been  heated  under  the  blowpipe,  by  which  it 
is  blackened  and  partly  fused.  This  seam  of  compact  stone,  by 
intercepting  the  little  rain-water  which  falls  on  the  island,  gives  rise 
to  a  small  dripping  spring,  first  discovered  by  Dampier.  It  is  tlie 
only  fresh-water  on  the  island,  so  that  the  possibility  of  its  being  in- 
habited has  entirely  depended  on  the  occurrence  of  this  ferruginous 
layer. 
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but  of  a  much  smaller  size,  frequently  occur  at  the  bases 
of  small  cones  of  eruption. 

Ejected  gi^anitic  fragments.  —  In  the  neighbour- 
hood of  Green  Mountain,  fragments  of  extraneous  rock 
are  not  unfrequently  found  embedded  in  the  midst  of 
masses  of  scoriaB.  Lieut.  Evans,  to  whose  kindness  1 
am  indebted  for  much  information,  gave  me  several 
specimens,  and  I  found  others  myself.  They  nearly  all 
have  a  granitic  structure,  are  brittle,  harsh  to  the  touch, 
and  apparently  of  altered  colours.  First,  a  white  syenite, 
streaked  and  mottled  with  red;  it  consists  of  well 
crystallised  feldspar,  numerous  grains  of  quartz,  and 
brilliant,  though  small,  crystals  of  hornblende.  The 
feldspar  and  hornblende  in  this  and  the  succeeding 
cases  have  been  determined  by  the  reflecting  gonio- 
meter, and  the  quartz  by  its  action  under  the  blowpipe. 
The  feldspar  in  these  ejected  fragments,  like  the  glassy 
kind  in  the  trachyte,  is  from  its  cleavage'  a  potash- 
feldspar.  Secondly,  a  brick-red  mass  of  feldspar,  quartz, 
and  small  dark  patches  of  a  decayed  mineral;  one 
minute  particle  of  which  I  was  able  to  ascertain,  by  its 
cleavage,  to  be  hornblende.  Thirdly,  a  mass  of  con- 
fusedly crystallised  white  feldspar,  with  little  nests  of  a 
dark  coloured  mineral,  often  carious,  externally  rounded, 
having  a  glossy  fracture,  but  no  distinct  cleavage :  from 
comparison  with  the  second  specimen,  I  have  no  doubt 
tliat  it  is  fused  hornblende.  Fourthly,  a  rock,  which 
at  first  appears  a  simple  aggregation  of  distinct  and 
large-sized  crystals  of  dusky-coloured  Labrador  feldspar  ;* 

'  Professor  Miller  has  been  so  kiud  as  to  examine  this  mineral. 
He  obtained  two  good  cleavages  of  86°  8(y  and  86°  50'.  The  mean 
ot*  several,  which  I  made,  was  86°  dCK.  Prof.  Miller  states  that  theso 
crystals,  when  reduced  to  a  6ne  powder,  are  soluble  in  hydrochloric 
acid,  leaving  some  undissolved  silex  behind  ;  the  addition  of  oxalate 
of  ammonia  gives  a  cx>pious  precipitate  of  lime.  He  further  re- 
marks, that  according  to  Von  Kobell,  anf»rthite(a  mineral  occurring 
in  the  ejected  fiagments  at  Mount  b'omna)  is  always  white  and 
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into  a  pale  greenish-gray  variety,  differing  only  in  its 
colour,  and  in  not  being  so  earthy ;  the  passage  was  in 
one  case  effected  insensibly ;  in  another,  it  was  formed 
by  numerous,  rounded  and  angular,  masses  of  the  green- 
isli  variety,  being  embedded  in  the  white  variety  ; — in 
this  latter  case,  the  appearance  was  very  much  like  that 
of  a  sedimentary  deposit,  torn  up  and  abraded  during 
the  deposition  of  a  subsequent  stratum.  Both  these 
varieties  are  traversed  by  innumerable  tortuous  veins 
(presently  to  be  described),  which  are  totally  unlike 
injected  dikes,  or  indeed  any  other  veins  which  I  have 
ever  seen.  Both  varieties  include  a  few  scattered  frag- 
ments, large  and  small,  of  dark-coloured  scoriaceous 
rocks,  the  cells  of  some  of  which  are  partially  filled  with 
the  white  earthy  stone;  they  likewise  include  some 
huge  blocks  of  a  cellular  porphyry.^  These  fragments 
project  from  the  weathered  surface,  and  perfectly  re- 
semble fragments  embedded  in  a  true  sedimentary  tuff. 
But  as  it  is  known  that  extraneous  fragments  of  cellu- 
lar rock  are  sometimes  included  in  columnar  trachyte, 
in  phonolite,*  and  in  other  compact  lavas,  this  circum- 
stance is  not  any  real  argument  for  the  sedimentary 
origin  of  the  white  earthy  stone.*  The  insensible 
passage  of  the  greenish  variety  into  the  white  one, 
and  likewise  the  more  abrupt  passage  by  fragments  of 
the  former  being  embedded  in  the  latter,  might  result 

I  The  porphyry  is  dark  oolonred ;  it  contains  numerous,  often 
fractured,  crystals  of  white  opaque  feldspar,  also  decomposing 
crystals  of  oxide  of  iron ;  its  vesicles  include  masses  of  delicate* 
liair-like,  crystals,  apparently  of  analcime. 

*  •D'Aubnisson,  *  Traits  de  O^gnosie,'  torn.  ii.  p.  548. 

*  Dr.  Daubeny  (on  Volcanos,  p.  180)  seems  to  have  b'^cn  led  to 
believe  that  certain  tr^tchytic  formations  of  Iscnia  and  of  the  I'uy 
de  D6me,  which  closely  resemble  these  of  Ascensim,  were  of  sedi- 
mentary origin,  chiefly  from  the  frequent  presence  in  them  *of 
Booriform  portions,  different  in  colour  from  the  matrix.'  Dr.  Daubeny 
adds,  that  on  the  other  hand,  Brocchi,  and  other  eminent  geologists, 
have  con>idered  these  beds  as  earihy  varieties  of  trachyte ;  he  con* 
siden  the  subject  deserving  of  further  attcntiozL 
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from  Blight  differences  in  the  composition  of  the  same 
mass  of  molten  stone,  and  from  the  abrading  action  of 
one  such  part  still  fluid  on  another  part  already  solidi- 
fied. The  curiously  formed  veins  have,  I  believe,  been 
formed  by  siliceous  matter  being  subsequently  segre- 
gated. But  my  chief  reason  for  believing  that  these 
soft  earthy  stones,  with  their  extraneous  fragments,  are 
not  of  sedimentary  origin,  is  the  extreme  improbability 
of  crystals  of  feldspar,  black  microscopical  specks,  and 
small  stains  of  a  darker  colour  occurring  in  the  same 
proportional  numbers  in  an  aqueous  deposit,  and  in 
masses  of  solid  trachyte.  Moreover,  as  I  have  remarked, 
the  microscope  occasionally  reveals  a  crystalline  struc- 
ture in  the  apparently  earthy  basis.  On  the  other 
hand,  the  partial  decomposition  of  such  great  masses  of 
trachyte,  forming  whole  mountains,  is  undoubtedly  a 
circumstance  of  not  easy  explanation. 

Veiiis  in  the  ea/rthy  i/rachytic  masses, — These  veins 
are  extraordinarily  numerous,  intersecting  in  the  most 
complicated  manner  both  coloured  varieties  of  the 
earthy  trachyte :  they  are  best  seen  on  the  flanks  of 
the  *  Crater  of  the  old  volcano.'  They  contain  crystals 
of  glassy  feldspar,  black  microscopical  specks  and  little 
dark  stains,  precisely  as  in  the  surrounding  rock ;  but 
the  basis  is  very  different,  being  exceedingly  hard, 
compact,  somewhat  brittle,  and  of  rather  less  easy 
fusibility.  The  veins  vary  much,  and  suddenly,  from 
the  tenth  of  an  inch  to  one  inch  in  thickness ;  they 
often  thin  out,  not  only  on  their  edges,  but  in  their 
central  parts,  thus  leaving  round,  irregular  apertures ; 
their  surfaces  are  rugged.  They  are  inclined  at  every 
possible  angle  with  the  horizon,  or  are  horizontal ;  they 
are  generally  curvilinear,  and  often  interbranch  one 
with  another.  From  their  hardness  they  withstand 
weathering,  and  projecting  two  or  three  feet  above  the 
6 
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ground,  they  occasionally  extend  some  yards  in  length  ; 
these  plate-like  veins,  when  struck,  emit  a  sound,  almost 
like  that  of  a  drum,  and  they  may  be  distinctly  seen  to 
vibrate;  their  fragments,  which  are  strewed  on  the 
ground,  clatter  like  pieces  of  iron  when  knocked  against 
each  other.  They  often  assume  the  most  singular 
forms ;  I  saw  a  pedestal  of  the  earthy  trachyte,  covered 
by  a  hemispherical  portion  of  a  vein,  like  a  great 
umbrella,  sufficiently  large  to  shelter  two  persons.  I 
have  never  met  with,  or  seen  described,  any  veins  like 
these ;  but  in  form  they  resemble  the  ferruginous  seams, 
due  to  some  process  of  segregation,  occurring  not  un- 
commonly in  sandstones, — for  instance,  in  the  New  Bed 
sandstone  of  England.  Numerous  veins  of  jasper  and 
of  siliceous  sinter,  occurring  on  the  summit  of  this 
same  hill,  show  that  there  has  been  some  abundant 
source  of  silica,  and  as  these  plate-like  veins  differ  from 
the  trachyte  only  in  their  greater  hardness,  brittleness, 
and  less  easy  fusibility,  it  appears  probable  that  their 
origin  is  due  to  the  segregation  or  infiltration  of  silice- 
ous matter,  in  the  same  manner  as  happens  with  the 
oxides  of  iron  in  many  sedimentary  rocks. 

SUiceotus  sinter  and  jasper, — The  siliceous  sinter 
is  either  quite  white,  of  little  specific  gravity,  and  with 
a  somewhat  pearly  fracture,  passing  into  pinkish  pearly 
quartz ;  or  it  is  yellowish  white,  with  a  harsh  fracture, 
and  it  then  contains  an  earthy  powder  in  small  cavities. 
Both  varieties  occur,  either  in  large  irregular  masses 
in  the  altered  trachyte,  or  in  seams  included  in  broad, 
vertical,  tortuous,  irregular  veins  of  a  compact,  harsh, 
stone  of  a  dull  red  colour,  appearing  like  a  sandstone. 
This  stone,  however,  is  only  altered  trachyte ;  and  a 
uearly  similar  variety,  but  often  honeycombed,  some- 
times adheres  to  the  projecting  plate-like  veins,  de^ 
scribed  in  the  last  paragraph.  .  The  jasper  is  of  an  ochre 
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yellow  or  red  colour ;  it  occurs  in  large  irregular  masses, 
and  sometimes  in  veins,  both  in  the  altered  trachyte 
and  in  an  associated  mass  of  scoriaceous  basalt.  The 
cells  of  the  scoriaceous  basalt  are  lined  or  filled  with 
fine,  concentric  layers  of  chalcedony,  coated  and  studded 
with  bright-red  oxide  of  iron.  In  this  rock,  especially 
in  the  rather  more  compact  parts,  irregular  angular 
patches  of  the  red  jasper  are  included,  the  edges  of 
which  insensibly  blend  into  the  surrounding  mass; 
other  patches  occur  having  an  intermediate  character 
between  perfect  jasper  and  the  ferruginotis,  decomposed, 
basaltic  base.  In  these  patches,  and  likewise  in  the 
large  vein-like  masses  of  jasper,  there  occur  little 
rounded  cavities,  of  exactly  the  same  size  and  form 
with  the  aiivcells,  which  in  the  scoriaceous  basalt  are 
filled  and  lined  with  layers  of  chalcedony.  Small  frag- 
ments of  the  jasper,  examined  under  the  microscope, 
seem  to  resemble  the  chalcedony  with  its  colouring 
matter  not  separated  into  layers,  but  mingled  in  the 
siliceous  paste,  together  with  some  impurities.  I  can 
understand  these  facts, — namely,  the  blending  of  the 
jasper  into  the  semi-decomposed  basalt, — its  occurrence 
in  angular  patches,  which  clearly  do  not  occupy  pre- 
existing hollows  in  the  rock, — and  its  containing  little 
vesicles  filled  with  chalcedony,  like  those  in  the  scori- 
aceous lava,-— only  on  the  supposition  that  a  fluid, 
probably  the  same  fluid  which  deposited  the  chalcedony 
in  the  air-cells,  removed  in  those  parts  where  there 
were  no  cavities,  the  ingredients  of  the  basaltic  rock, 
and  left  in  their  place  silica  and  iron,  and  thus  pro- 
duced the  jasper.  In  some  specimens  of  silicified  wood, 
I  have  observed,  that  in  the  same  manner  as  in  the 
basalt,  the  solid  parts  were  converted  into  a  dark- 
coloured  homogeneous  stone,  whereas  the  cavities 
formed  by  the  larger  sap-vessels  (which  may  be  com- 
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pared  with  the  air-vesicles  in  the  basaltic  lava)  and 
other  irregular  hollows,  apparently  produced  by  decay, 
were  filled  with  concentric  layers  of  chalcedony ;  in  this 
case,  there  can  be  little  doubt  that  the  same  fluid 
deposited  the  homogeneous  base  and  the  chalcedonic 
layers.  After  these  considerations,  I  cannot  doubt  but 
that  the  jasper  of  Ascension  may  be  viewed  as  a  volcanic 
rock  silicified,  in  precisely  the  same  sense  as  this  term 
is  applied  to  wood,  when  silicified;  we  are  equally 
ignorant  of  the  means  by  which  every  atom  of  wood, 
whilst  in  a  perfect  state,  is  removed  and  replaced  by 
atoms  of  silica,  as  we  are  of  the  means  by  which  the 
constituent  parts  of  a  volcanic  rock  could  be  thus  acted 
on.^  I  was  led  to  the  careful  examination  of  these  rocks, 
and  to  the  conclusion  here  given,  from  having  heard 
the  Bev.  Professor  Henslow  express  a  similar  opinion, 
regarding  the  origin  in  trap-rocks  of  many  chalcedonies 
and  agates.  Siliceous  deposits  seem  to  be  very  general, 
if  not  of  universal  occurrence,  in  partially  decomposed 
trachytic  tuffs ; '  and  as  these  hills,  according  to  the 
view  above  given,  consist  of  trachyte  softened  and 
altered  in  situ^  the  presence  of  free  silica  in  this  case 
may  be  added  as  one  more  instance  to  tiie  list. 

Concretions  in  jmmiceotis  tuff, — The    hill,    marked 

1  Beudant  ('Voyage  en  Hongrie,*  torn.  ill.  pp.  502, 604) describes 
kidney-shaped  masses  of  jasper-opal,  which  either  blend  into  the 
SQrroanding  trachytic  conglomerate,  or  are  embedded  in  it  like  chalk- 
Hints  ;  and  he  compares  them  with  the  fragments  of  opalised  wood, 
which  are  abundant  in  this  same  formation.  Beadant,  however, 
a  I  pears  to  have  viewed  the  process  of  their  formation  rather  as  one 
of  simple  infiltration  than  of  molecular  exchange ;  but  the  presence 
of  a  concretion,  wholly  different  from  the  snrromiding  matter,  if  not 
formed  in  a  pre-existing  hollow,  clearly  seems  to  me  to  require,  either 
a  molecular  or  mechanical  displacement  of  the  atoms,  which  occu- 
pied the  space  afterwards  filled  by  it.  The  jasper-opal  of  Hungary 
passes  into  chalcedony,  and  therefore  in  this  case,  as  in  that  of  Ascen- 
sion, jasper  seems  to  be  intimately  related  in  origin  with  ohalcedonj. 

'  Beudant  (*  Voyage  Min.'  torn.  iii.  p.  607)  enumerates  cases  in 
Hungary,  Gennany,  Central  Fnnoe,  Italy,  Greece,  and  Mexico. 
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in  the  map  '  Crater  of  an  old  volcano/  has  no  claims  to 
this  appellation,  which  I  could  discover,  except  in  being 
surmounted  by  a  circular,  very  -shallow,  saucer-like 
summit,  nearly  half  a  mile  in  diameter.  This  hollow 
has  been  nearly  filled  up  with  many  successive  sheets  of 
ashes  and  scoriae,  of  different  colours,  and  slightly  con- 
solidated. Each  successive  saucerHshaped  layer  crops 
out  all  round  the  margin,  forming  so  many  rings  of 
various  colours,  and  giving  to  the  hill  a  fantastic 
appearance.  The  outer  ring  is  broad,  and  of  a  white 
colour ;  hence  it  resembles  a  course  round  which  horses 
have  been  exercised,  and  has  received  the  name  of  the 
Devil's  Riding  School,  by  which  it  is  most  generally 
known.  These  successive  layers  of  ashes  must  have 
fallen  over  the  whole  surrounding  country,  but  they 
have  all  been  blown  away  except  in  this  one  hollow, 
in  which  probably  moisture  accumulated,  either  during 
an  extraordinary  year  when  rain  fell,  or  during  the 
storms  often  accompanying  volcanic  eruptions.  One  of 
the  layers  of  a  pinkish  colour,  and  chiefly  derived 
from  small,  decomposed  fragments  of  pumice,  is  remark- 
able, from  containing  numerous  concretions.  These 
are  generally  spherical,  from  half-an-inch  to  three 
inches  in  diameter;  but  they  are  occasionally  cylin- 
drical, like  those  of  iron-pyrites  in  the  chalk  of  Europe. 
They  consist  of  a  very  tough,  compact,  pale-brown 
stone,  with  a  smooth  and  even  fracture.  They  are 
divided  into  concentric  layers  by  thin  white  partitions, 
resembling  the  external  superficies ;  six  or  eight  of 
such  layers  are  distinctly  defined  near  the  outside ;  but 
those  towards  the  inside  generally  become  indistinct, 
and  blend  into  a  homogeneous  mass.  I  presume  that 
these  concentric  layers  were  formed  by  the  shrinking  of 
the  concretion,  as  it  became  compact.  The  interior 
part  is  generally  fissured  by  minute  cracks  or  septaria 
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Jaly,  there  was  no  remnsnt  of  the  incrastation ;  but  oa 
a  point  of  basalt,  from  which  the  qnanymen  had  lately 
reino7ed  a  mass  of  the  calcareous  freeBtone,  the  incrusta- 
tion, was  perfectly  preserved.  Considering  the  positiou 
of  the  tidal  roots,  and  the  period  at  which  they  become 
coated,  there  can  be  no  doubt  that  the  movement  and  dis- 
turbance of  the  vast  accumulation  of  calcareous  particles, 
many  of  them  being  partially  agglutinated  tc^tber, 
cause  the  waves  of  the  sea  to  be  so  highly  charged 
with  carbonate  of  lime,  that  they  deposit  it  on  the  first 
objects  against  which  they  impinge.  I  have  been  in- 
formed by  Lieut.  Holland,  R.M.,  that  this  incrusta- 
tion is  formed  on  many  parts  of  the  coast,  on  most  of 
which,  I  believe,  there  are  likewise  great  masses  of 
comminuted  sheila. 

A  frondetceid  ealcaroovs  incrustation. — In  many 
respects  this  is  a  singnlar  deposit ;  it  coats  through- 
oat  the  year  the  tidal  volcanic  rocks,  that  project  from 


An  tBamUilan  of  ealoanooi  ud  MilnMl  nutter,  catlni  the  tidal  rodn  *t 


the  beaches  compoeed  of  broken  shells.  Ita  general 
appearance  is  well  represented  in  the  accompanying 
woodcut ;  but  the  fronds  or  disks,  of  which  it  is  com- 


cuAP.  m.         Calcareous  Incrustation.  59 

posed,  are  generally  so  closely  crowded  tx^ther  as  to 
touch.  These  fronds  have  liieir  sinaons  edges  finely 
crenalated,  and  they  project  over  their  pedestals  or 
supports ;  their  upper  surfaces  are  either  slightly  con- 
cave, or  slightly  convex ;  they  are  highly  polished,  and 
of  a  dark  gray  or  jet  black  colour ;  their  form  is  irre- 
gular, generally  circular,  and  from  the  tenth  of  an  inch 
to  one  inch  and  a-half  in  diameter ;  their  thickness,  or 
amount  of  their  projection  from  the  rock  on  which  they 
stand,  varies  much,  about  a  quarter  of  an  inch  being  per- 
haps most  usual.  The  fronds  occasionally  become  more 
and  more  convex,  until  they  pass  into  botryoidal  masses 
with  their  summits  fissured ;  when  in  this  state,  they  are 
glossy  and  of  an  intense  black,  so  as  to  resemble  some 
fused  metallic  substance.  I  have  shown  the  incrustation, 
both  in  this  latter  and  in  its  ordinary  state  to  several 
geologists,  but  not  one  could  conjecture  its  origin,  except 
that  perhaps  it  was  of  volcanic  nature ! 

The  substance  forming  the  fronds  has  a  very  com- 
pact and  often  almost  crystalline  fracture ;  the  edges 
being  translucent,  and  hard  enough  easily  to  scratch 
calcareous  spar.  Under  the  blowpipe  it  immediately  be- 
comes white,  and  emits  a  strong  animal  odour,  like  that 
from  fi^esh  shells.  It  is  chiefly  composed  of  carbonate 
of  lime ;  when  placed  in  muriatic  acid  it  froths  much, 
leaving  a  residue  of  sulphate  of  lime,  and  of  an  oxide  of 
iron,  together  with  a  black  powder,  which  is  not  soluble 
in  heated  acids.  This  latter  substance  seems  to  be  car- 
bonaceous, and  is  evidently  the  colouring  matter.  The 
sulphate  of  lime  is  extraneous,  and  occurs  in  distinct, 
excessively  minute,  lamellar  plates,  studded  on  the  sur- 
faces of  the  fronds,  and  embedded  between  the  fine 
layers  of  which  they  are  composed  ;  when  a  fragment  is 
heated  in  the  blowpipe,  these  lamellae  are  immediately 
rendered   visible.      The  original  outline  of  the  fronds 
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may  often  be  traced,  either  to  a  minute  particle  of  shell 
fixed  in  a  crevice  of  the  rock,  or  to  several  cemented 
together;  these  first  become  deeply  corroded,  by  the 
dissolving  power  of  the  waves,  into  sharp  ridges,  and 
then  are  coated  with  successive  layers  of  the  glossy, 
gray,  calcareous  incrustation.  The  inequalities  of  the 
primary  support  afiect  the  outline  of  every  successive 
layer,  in  the  same  manner  as  may  often  be  seen  in 
bezoar-stones,  when  an  object  like  a  nail  forms  the 
centre  of  aggregation.  The  crenulated  edges,  how- 
ever, of  the  frond  appear  to  be  due  to  the  corroding 
power  of  the  surf  on  its  own  deposit,  alternating  with 
fresh  depositions.  On  some  smooth  basaltic  rocks  on 
the  coast  of  St.  Jago,  I  found  an  exceedingly  thin  layer 
of  brown  calcareous  matter,  which  under  a  lens  pre- 
sented a  miniature  likeness  of  the  crenulated  and 
polished  fronds  of  Ascension ;  in  this  case  a  basis  was 
not  afforded  by  any  projecting  extraneous  particles. 
Although  the  incrustation  at  Ascension  is  persistent 
throughout  the  year ;  yet  firom  the  abraded  appearance 
of  some  parts,  and  from  the  fresh  appearance  of  other 
parts,  the  whole  seems  to  undergo  a  round  of  decay 
and  renovation,  due  probably  to  changes  in  the  form 
of  the  shifting  beach,  and  consequently  in  the  action 
of  the  breakers :  hence  probably  it  is,  that  the  incrustar- 
tion  never  acquires  a  great  thickness.  Considering  the 
position  of  the  incrusted  rocks  in  the  midst  of  the  cal- 
careous beach,  together  with  its  composition,  I  think 
there  can  be  no  doubt  that  its  origin  is  due  to  the  dis- 
solution and  subsequent  deposition  of  the  matter  com- 
posing the  rounded  particles   of  shells    and   corals.^ 

>  The  selenite,  as  I  have  remarked,  is  extraneous,  and  most  have 
been  derived  from  the  sea-water.  It  is  an  interesting  cireumstaDce 
thus  to  find  the  waves  of  the  ocean,  sufficiently  charged  with  sul- 
phate of  lime,  to  deposit  it  on  the  rocks,  against  which  they  dash 
every  tide.     Dr.  Webster  has  described  (*  Voyage  of  the  "Chauti* 
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From  this  sonroe  it  derives  its  animal  matter,  which 
is  evidently  the  colouring  principle.  The  nature  of 
the  deposit,  in  its  incipient  stage,  can  often  be  well 
seen  upon  a  fragment  of  white  shell,  when  jammed  be- 
tween two  of  the  fronds ;  it  then  appears  exactly  like 
the  thinnest  wash  of  a  pale  gray  varnish.  Its  darkness 
varies  a  little,  but  the  jet  blackness  of  some  of  the 
fronds  and  of  the  botryoidal  masses  seems  due  to  the 
translucency  of  the  successive  gray  layers.  There  is, 
however,  this  singular  cmmmstance,  that  when  de- 
posited on  the  underside  of  ledges  of  rock  or  in  fissures, 
it  appears  jdways  to  be  of  a  pale,  pearly  gray  colour, 
even  when  of  considerable  thickness :  hence  one  is  led 
to  suppose,  that  an  abundance  of  light  is  necessary  to 
the  development  of  the  dark  colour,  in  the  same 
manner  as  seems  to  be  the  case  with  the  upper  and  ex- 
posed Bur&ces  c^  the  shells  of  living  moliusca,  which 
are  always  dark,  compared  witli  their  under  surfaces 
and  with  the  parts  habitually  covered  by  the  mantle  of 
the  »T>iT"jJ  In  this  circumstance, — in  the  immediate 
loss  of  colour  and  in  the  odour  emitted  under  the  blow- 
pipe,— in  the  degree  of  hardness  and  translucency  of 
the  edges, — and  in  the  beautiful  polish  of  the  surface,' 
rivalling  when  in  a  fresh  state  that  of  the  finest  Oliva, 
there  is  a  striking  analogy  between  this  inorganic  in- 


deer,*'  toL  u.  p.  319)  beds  of  gypram  itod  salt,  as  mnch  as  two  feet 
in  thidneaB,  left  by  the  erapoiatioD  of  the  spray  on  the  rocks  on 
the  windwaid  ooast.  Beautif  nl  stalactites  of  selenite,  resembliDg 
in  fonn  those  of  caxbooate  of  lime,  are  f onned  near  these  beds. 
Amorphous  masses  of  gypsum,  also,  oocor  in  caverns  in  the  interior 
of  the  island ;  and  at  Cross  HUl  (an  old  crater)  J  saw  a  oonsidenible 
quantity  of  salt  oocing  from  a  pile  of  aoonsB.  In  these  latter  cases, 
the  salt  and  gypsum  appear  to  be  vc^canic  prodnots. 

*  Fromthefsct  describedinmy'JooriMlof  Besearehes'Cp.  12), 
of  a  coating  of  oxide  of  iron,  deposited  by  a  streamlet  on  the  rocks 
in  its  bed  (like  a  nearly  similax  coating  at  tbe  great  cataracts  of  ths 
<hinoooo  aiid  Nile),  becoming  finelT  polished  where  the  snif  acts,  I 
presume  that  the  Foif  in  this  instance,  also,  is  the  polishinir  »p¥»nt. 
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crustation  and  the  shells  of  living  molluscous  animals.^ 
This  appears  to  me  to  be  an  interesting  physiological 
fact.» 

Singvlajr  lamhiaied  beds  alternating  with  and 
passing  irUo  obsidian, — These  beds  occur  within  the 
trachytic  district,  at  the  western  base  of  Green  Mountain, 
under  which  they  dip  at  a  high  inclination.  They  are 
only  partially  exposed,  being  covered  up  by  modern 
ejections ;  from  this  cause,  I  was  unable  to  trace  their 
junction  with  tihe  trachyte,  or  to  discover  whether  they 
had  flowed  as  a  stream  of  lava,  or  had  been  injected 
amidst  the  overlying  strata.  There  are  three  principal 
beds  of  obsidian,  of  which  the  thickest  forms  the  base 
of  the  section.  The  alternating  stony  layers  appear  to 
me  eminently  curious,  and  shall  be  first  described,  and 
afterwards  their  passage  into  the  obsidian.  They  have 
an  extremely  diversified  appearance;  five  principal 
varieties  may  be  noticed,  but  these  insensibly  blend 
into  each  other  by  endless  gradations. 

First, — A  pale  gray,  irregularly  and  coarsely  lami- 
nated,^ harsh- feeling  rock,  resembling  clay-slate  which 

*  In  the  section  descriptive  of  St.  PaaVs  Rocks,  I  have  described 
a  glossy,  pearly  substance,  which  ooats  the  rocks,  and  an  allied 
fctalactitical  iocmstation  from  Ascension,  the  crust  of  which  re- 
sembles the  enamel  of  teeth,  bat  is  hard  enoagh  to  scratch  plate 
glass.  Both  these  substances  contain  animal  matter,  and  seem  to 
have  been  derived  from  water  infiltering  through  birds'  dung. 

*  Mr.  Homer  and  Sir  David  Brewster  have  described  ('  Philo- 
sophical Transactions,'  1S36,  p.  65)  a  singular  'artiticial  substance, 
res:embling  shell.'  It  is  deposited  in  fine,  transparent,  highly- 
polished,  brown-coloured  laminse,  possessing  peculiar  optical  pro- 
pen  ies.  on  the  inside  of  a  vessel,  in  which  cloth,  first  prepared  with 
glue  and  then  with  lime,  is  made  to  revolve  rapidly  in  water.  It  is 
much  softer,  more  transparent,  and  contains  more  animal  matter, 
than  the  natural  incrustation  at  Ascension;  but  we  here  again  see 
the  strong  tendency  which  carbonate  of  lime  and  animal  matter 
evince  to  form  a  solid  substance  allied  to  shell. 

'  This  term  is  open  to  some  misinterpretation,  as  it  may  be  applied 
both  to  rocks  divided  into  laminie  of  exactly  the  same  compoition, 
and  to  layers  firmly  attached  to  each  other,  with  no  fissile  tendency, 
but  composed  nf  different  minerals,  or  of  different  nliades  of  colour. 
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has  been  in  contact  with  a  trap-dike,  and  with  a  frac- 
ture of  aboat  the  same  degree  of  crystalline  stractore. 
This  rock,  as  well  as  the  following  varieties,  easily  fuse 
into  a  pale  glass.  The  greater  part  is  honey-combed 
with  irregular,  angular,  cavities,  so  that  the  whole  has 
a  curious  appearance,  and  some  fragments  resemble  in 
a  remarkable  manner  silicified  logs  of  decayed  wood. 
This  variety,  especially  where  more  compact,  is  often 
marked  with  thin  whitish  streaks,  which  are  either 
straight  or  wrap  round,  one  behind  the  other,  the  elon- 
gated carious  hollows. 

Secondly, — A  bluish  gray  or  pale  brown,  compact, 
heavy,  homogeneous  stone,  with  an  angular,  uneven, 
earthy  fracture ;  viewed,  however,  under  a  lens  of  high 
power,  the  fracture  is  seen  to  be  distinctly  crystalline, 
and  even  separate  minerals  can  be  distinguished. 

Thirdly, — A  stone  of  the  same  kind  with  the  last, 
but  streaked  with  numerous,  parallel,  slightly  tortuous, 
white  lines  of  the  thickness  of  hairs.  These  white  lines 
are  more  crystalline  than  the  parts  between  them  ;  and 
the  stone  splits  along  them:  they  frequently  expand 
into  exceedingly  thin  cavities,  which  are  often  only 
just  perceptible  with  a  lens.  The  matter  forming  the 
white  lines  becomes  better  crystallised  in  these  cavities, 
and  Prof.  Miller  was  fortunate  enough,  after  several 
trials,  to  ascertain  that  the  white  crystals,  which  are  the 
largest,  were  of  quartz,^  and  that  the  minute  green  trans- 
parent needles  were  augite,  or,  as  they  would  more 
generally  be  called,  diopside :  besides  these  crystals, 
there  are  some  minute,  dark  specks  without  a  trace  of 

Tbe  term  'Uuninated,*  in  this  diapter,  is  applied  in  these  latter 
senses ;  where  a  honx>geneons  rock  splits,  as  in  tbe  funner  sense,  in 
a  given  direction,  like  claj-slate,  I  have  nsed  the  tenn  '  fissile.* 

'  Professor  Miller  infmrms  me  that  the  crystab  which  he  measored 
had  the  boes  P,  s,  m  of  the  figore  (147)  given  by  Haidinger  in  his 
Translation  of  M ohs :  and  he  i^ds,  that  it  is  remarkable,  tl^t  none  of 
them  had  tbe  sUgntest  tcaoe  of  faces  r  of  the  regnlar  six-sided  prism. 
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crystallisation,  and  some  fine,  white,  grannlar,  crystal- 
line matter  which  is  probably  feldspar.  Minute  frag- 
ments of  this  rock  are  easily  fasible. 

Fourthly, — ^A  compact  crystalline  rock,  banded  in 
straight  lines  with  innumerable  layers  of  white  and 
gray  shades  of  colour,  varying  in  width  firom  the  ^th 
to  the  T^th  of  an  inch  ;  these  layers  seem  to  be  com- 
posed chiefly  of  feldspar,  and  they  contain  numerous 
perfect  crystals  of  glassy  feldspar,  which  are  placed 
lengthways ;  they  are  also  thickly  studded  with  micro- 
scopically minute,  amorphous,  black  specks,  which  are 
placed  in  rows,  either  standing  separately,  or  more 
frequently  united,  two  or  three  or  several  together,  into 
black  lines,  thinner  than  a  hair.  When  a  small  frag- 
ment is  heated  in  the  blowpipe,  the  black  specks  are 
easily  fused  into  black  brilliant  beads,  which  become 
magnetic, — characters  that  apply  to  no  common  mineral 
except  hornblende  or  augite.  With  the  black  specks 
there  are  mingled  some  others  of  a  red  colour,  which  are 
magnetic  before  being  heated,  and  no  doubt  are  oxide 
of  iron.  Bound  two  little  cavities,  in  a  specimen  of 
this  variety,  I  found  the  black  specks  aggregated  into 
minute  crystals,  appearing  like  those  of  augite  or  horn- 
blende, but  too  dull  and  small  to  be  measured  by  the 
goniometer ;  in  this  specimen,  also,  I  could  distinguish 
amidst  the  crystalline  feldspar,  grains,  which  had  the 
aspect  of  quartz.  By  trying  with  a  parallel  ruler,  I 
found  that  the  thin  gray  layers  and  the  black  hair-like 
lines  were  absolutely  straight  and  parallel  to  each 
other.  It  is  impossible  to  trace  the  gradation  from  the 
homogeneous  gray  rock's  to  these  striped  varieties,  or 
indeed  the  character  of  the  different  layers  in  the  same 
specimen,  without  feeling  convinced  that  the  more  or 
less  perfect  whiteness  of  the  crystalline  feldspathio 
matter  depends  ou  the  more  or  less  perfect  aggregation 
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of  diffused  matter,  into  the  black  and  red  specks  of 
hornblende  and  oxide  of  iron. 

Fifthly, — A  compact  heavy  rock,  not  laminated, 
with  an  irregular,  angular,  highly  crystalline,  fracture ; 
it  abounds  with  distinct  crystals  of  glassy  feldspar,  and 
the  crystalline  feldspathic  base  is  mottled  with  a  black 
mineral,  which  on  the  weathered  surface  is  seen  to  be 
aggregated  into  small  crystals,  some  perfect,  but  the 
greater  number  imperfect.  I  showed  this  specimen  to 
an  experienced  geologist,  and  asked  him  what  it  was, 
he  answered,  as  I  think  every  one  else  would  have  done, 
that  it  was  a  primitive  greenstone.  The  weathered 
surface,  also,  of  the  foregoing  (No.  4)  banded  variety, 
strikingly  resembles  a  worn  fragment  of  finely  laminated 
gneiss. 

These  five  varieties,  with  many  intermediate  ones, 
pass  and  repass  into  each  other.  As  the  compact 
varieties  are  quite  subordinate  to  the  others,  the  whole 
may  be  considered  as  laminated  or  striped.  The  laminas, 
to  sum  up  their  characteristics,  are  either  quite  straight, 
or  slightly  tortuous,  or  convoluted ;  they  are  all  parallel 
to  each  other,  and  to  the  intercalating  strata  of  obsidian ; 
they  are  generally  of  extreme  thinness;  they  consist 
either  of  an  apparently  homogeneous,  compact  rock, 
striped  with  different  shades  of  gray  and  brown  colours, 
or  of  crystalline  feldspathic  layers  in  a  more  or  less 
perfect  state  of  purity,  and  of  different  thicknesses,  with 
distinct  crystals  of  glassy  feldspar  placed  lengthways,  or 
of  very  thin  layers  chiefly  composed  of  minute  crystals 
of  quartz  and  augite,  or  composed  of  black  and  red 
specks  of  an  augitic  mineral  and  of  an  oxide  of  iron, 
either  not  crystallised  or  imperfectly  so.  After  having 
fully  described  the  obsidian,  I  shall  return  to  the  subject 
of  the  lamination  of  rocks  of  the  trachytic  series. 

The  passage  of  the  foregoing  beds  into  the  strata  of 
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glassy  obsidian  is  effected  in  several  ways  :  first,  angulo- 
nodiilar  masses  of  obsidian,  both  large  and  small, 
abruptly  appear  disseminated  in  a  slaty,  or  in  an  amor- 
phous, pale*€oloured  feldspathic  rock,  with  a  somewhat 
pearly  fracture.  Secondly,  small  irregular  nodules  of 
the  obsidian,  either  standing  separately,  or  united  into 
thin  layers,  seldom  more  than  the  tenth  of  an  inch 
in  thickness,  alternate  repeatedly  with  very  thin  layers 
of  a  feldspathic  rock,  which  is  striped  with  the  finest 
parallel  zones  of  colour,  like  an  agate,  and  which  some- 
times passes  into  the  nature  of  pitchstone ;  the  interstices 
between  the  nodules  of  obsidian  are  generally  filled  by 
soft  white  matter,  resembling  pumiceous  ashes.  Thirdly, 
the  whole  substance  of  the  bounding  rock  suddenly 
passes  into  an  angulo-concretionary  mass  of  obsidian. 
Such  masses  (as  well  as  the  small  nodules)  of  obsidian 
are  of  a  pale  green  colour,  and  are  generally  streaked 
with  different  shades  of  colour,  parallel  to  the  laminae 
of  the  surrounding  rock ;  they  likewise  generally  con- 
tain minute  white  spheerulites,  of  which  half  is  some- 
times embedded  in  a  zone  of  one  shade  of  colour,  and 
half  in  a  zone  of  another  shade.  The  obsidian  assumes 
its  jet  black  colour  and  perfectly  conchoidal  fracture, 
only  when  in  large  masses ;  but  even  in  these,  on  careful 
examination  and  on  holding  the  specimens  in  different 
lights,  I  could  generally  distinguish  parallel  streaks  of 
different  shades  of  darkness. 

One  of  the  commonest  transitional  rocks  deserves  in 
several  respects  a  further  description.  It  is  of  a  very 
complicated  nature,  and  consists  of  numerous  thin, 
slightly  tortuous,  layers  of  a  pale-coloured  feldspathic 
stone,  often  passing  into  an  imperfect  pitchstone,  alter- 
nating with  layers  formed  of  numberless  little  globules 
of  two  varieties  of  obsidian,  and  of  two  kinds  of  sphse- 
rulites,  embedded  in  a  soft  or  in  a  hard  pearly  base. 
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The  epfasamlites  are  eitfa^  white  asd  tran^IiKeDt.  cr 
dark  browDand  opaque;  ibe termer  aieqiirte  ep-ber-Lcsl, 
of  tmall  size,  and  di^dnctlT  r&d:&t«d  frcm  their  oenai?. 
The  dark  broim  ^ifuenilites  are  less  veri^s^.^  n;<md, 
and  vary  in  diameter  from  the  ^th  to  T^ih  of  an  inch ; 
wfaoi  broken  thev  exhibit  towards  ibeir  centres,  which 
are  whitish,  an  ofaGcnre  radiatins  strnrtci^:  two  \a 
them  when  united,  sometimes  have  od!t  oae  central 
point  of  radiation  ;  there  is  cccafi<:>nal!y  a  trace  of  a 
hollow  or  crevice  in  their  centres.  They  stand  either 
separately,  or  are  anited  two  or  three  or  many  toe^ber 
into  irregnlar  groape,  or  mrne  commonly  into  layer?, 
parallel  to  the  stratificatioa  of  the  ma^s.  This  onicn 
in  many  csaea  is  so  perfect,  that  the  two  sides  of  the 
layer  thus  (brmed,  are  qnite  even ;  and  these  layers,  as 
they  become  lees  brown  and  opaque,  cannot  be  distin- 
guished from  the  alternating  layers  c^  the  pale-coloare^ 
feldspathic  stone.  The  sphxralites.  when  not  anited, 
are  generally  compressed  in  the  plane  of  the  lamination 
of  the  mass ;  and  in  this  same  plane,  they  are  often 
mariied  internally,  by  zones  of  difTerent  shades  of 
No.flL 


coloar,  and  externally  by  small  ridges  and  furrows.     In 
the   npper   part   of  the   accompanying   woodcnt,   the 
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sphaBmlites  with  the  parallel  ridgea  and  furrows  are 
represented  on  an  enlarged  scale,  but  they  are  not  well 
executed ;  and  in  the  lower  part,  their  usual  manner  of 
grouping  is  shown.  In  another  specimen,  a  thin  layer 
formed  of  the  brown  sphaerulites  closely  united  together, 
intersects,  as  represented  in  the  woodcut.  No.  7  a  layer 

No,  7. 


A  layer  formM  by  the  union  of  minate  brown  sphflBralites,  intenecting  two  otber 
similar  iayen :  the  whole  repreeented  of  nearly  the  natural  sise. 

of  similar  composition ;  and  after  running  for  a  short 
space  in  a  slightly  curved  line,  again  intersects  it,  and 
likewise  a  second  layer  lying  a  little  way  beneath  that 
first  intersected.  The  small  nodules  also  of  obsidian  are 
sometimes  externally  marked  with  ridges  and  furrows, 
parallel  to  the  lamination  of  the  mass,  but  always  less 
plainly  than  the  spha^rulites.  These  obsidian  nodules 
are  generally  angular,  with  their  edges  blunted :  they 
are  often  impressed  with  the  form  of  the  adjoining 
Rphaerulites,  than  which  they  are  always  larger;  the 
separate  nodules  seldom  appear  to  have  drawn  each  otber 
out  by  exerting  a  mutual  attractive  force.  Had  I  not 
found  in  some  cases,  a  distinct  centre  of  attraction  in 
these  nodules  of  obsidian,  I  should  have  been  led  to 
have  considered  them  as  residuary  matter,  left  during 
the  formation  of  the  pearlstone,  in  which  they  are 
embedded,  and  of  the  sphsrulitic  globnles. 

The  sphnerulites  and  the  little  nodules  of  obsidian 
in  these  rocks  so  closely  resemble,  in  general  form  and 
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Btmctnre,  concretions  in  sedimentary  deposits,  that  one 
is  at  once  tempted  to  attribute  to  them  an  analogous 
origin.  They  resemble  ordinary  concretions  in  the 
following  respects :  in  their  external  form, — in  the  anion 
of  two  or  three,  or  of  several,  into  an  irregular  mass,  or 
into  an  even-sided  layer, — in  the  occasional  intiCrsection 
of  one  such  layer  by  another,  as  in  the  case  of  chalk- 
flints, — in  the  presence  of  two  or  three  kinds  of  nodules, 
oflen  close  together,  in  the  same  basis, — in  their  fibrous, 
radiating  structure,  with  occasional  hollows  in  their 
centres, — in  the  co-existence  of  a  laminary,  concretionary, 
and  radiating  slructure,  as  is  so  well  developed  in  the 
concretions  of  magnesian  limestone,  described  by  Pro- 
fessor Sedgwick.'  Concretions  in  sedimentary  deposits, 
it  is  known,  are  due  to  the  separation  from  the  sur- 
rounding mass  of  the  whole  or  part  of  some  mineral 
substance,  and  its  aggregation  round  certain  points  of 
attraction.  Guided  by  this  fact,  I  have  endeavoured 
to  discover  whether  obsidian  and  the  sphaerulites  (to 
which  may  be  added  marekanite  and  pearlstone,  both 
of  them  occurring  in  nodular  concretions  in  the  trachy  tic 
series)  differ  in  their  constituent  parts,  from  the  minerals 
generally  composing  trachytic  rocks.  It  appears  from 
three  analyses,  that  obsidian  contains  on  an  average  76 
per  cent,  of  silica ;  from  one  analysis,  that  sphaerulites 
contain  79*12 ;  from  two,  that  marekanite  contains 
79*25;  and  from  two  other  analyses,  that  pearlstone 
contains  75*62  of  silica.'  Now,  the  constituent  parts 
of  trachyte,  as  far  as  they  can  be  distinguished,  consist 
of  feldspar,  containing  65*21  of  silica ;  or  of  albite,  con- 
taining 69*09  ;  of  hornblende,  containing  55*27,' and  of 

*  'Qeological  Transactions,*  vol.  iii.  part  i.  p.  S7. 

'  The  for^;oing  analyses  are  taken  from  Teudant,  *  Traits  de 
Min^ralogie/  torn,  ii  p.  113;  and  one  analysis  of  ob^idiun,  from 
Phillip8*8  <  Mineralogy.' 

*  These  analyses  are  taken  from  Von  Eobell*s  *Grundzuge  der 
Minemlogie;  ISIiS. 
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oxide  of  iron:  bo  that  the  foregoing  glassy  concre- 
tionary substances  all  contain  a  larger  proportion  of 
silica  than  that  occurring  in  ordinary  feldspathic  or 
trachytic  rocks.  D'Aubuisson,^  also,  h&3  remarked  on 
the  large  proportion  of  silica  compared  with  alumina, 
in  six  analyses  of  obsidian  and  pearlstone  given  iu 
Brongniart's  '  Mineralogy/  Hence  I  conclude,  that  the 
foregoing  concretions  have  been  formed  by  a  process  of 
aggregation,  strictly  analogous  to  that  which  takes 
place  in  aqueous  deposits,  acting  chiefly  on  the  silica, 
but  likewise  on  some  of  the  other  elements  of  the  sur- 
rounding mass,  and  thus  producing  the  different  con- 
cretionary varieties.  From  the  well-known  effects  of 
rapid  cooling*  in  giving  glassiness  of  texture,  it  is 
probably  necessary  that  the  entire  mass,  in  cases  like 
that  of  Ascension,  should  have  cooled  at  a  certain  rate; 
but  considering  the  repeated  and  complicated  alternar- 
tions  of  nodules  and  thin  layers  of  a  glassy  texture 
with  other  layers  quite  stony  or  crystalline,  all  within 
the  space  of  a  few  feet  or  even  inches,  it  is  hardly 
possible  that  they  could  have  cooled  at  different  rates, 
and  thus  have  acquired  their  different  textures. 

The  natural  sphaerulites  in  these  rocks  '  very  closely 

«  'Traits  de  G6ogn/  torn.  ii.  p.  63S. 

*  This  is  8een  in  the  manufacture  of  common  glass,  and  in 
Gregory  Watts'fl  ezperimentg  on  molten  trap;  also  on  tlie  natural 
surfaces  of  lava-si  reams,  and  on  the  side-walls  of  dikes. 

*  1  do  not  know  whether  it  is  generally  known,  that  bodies  liavin;^ 
exactly  the  Fame  appearance  as  sphserulites,  sometimes  occur  in 
agatcd.  Mr.  Robert  Brown  showed  me  in  an  agate,  formed  withia 
a  cavity  in  a  piece  of  silicified  wood,  some  little  specks,  which  were 
only  just  visible  to  the  ni^ed  eye:  these  specks,  when  placed  by 
him  under  a  len«  of  high  power,  presented  a  beautiful  appearance : 
they  were  perfectly  circular,  and  consisted  of  the  finest  fibres  of  a 
brown  colour,  radiating  with  great  exactness  from  a  common  centre. 
These  little  radiating  stars  are  occa  ic  ally  intersected,  and  portions 
are  quite  cut  oSF  by  the  fine,  ribbon-like  zones  of  colour  in  the  ngiite. 
In  the  ob<ii'iian  of  Ascension,  the  halves  of  a  sphaerulite  often  \\**.  in 
different  zones  of  colour,  but  they  are  not  cut  oH  by  them,  aa  in  th« 
■gate. 
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resemble  those  prodnoed  in  glass,  when  slowly  cooled. 
In  9ome  fine  specimens  of  partially  doTitrified  glasF, 
in  the  possession  of  Mr.  Stokes,  the  sphaemlites  are 
united  into  sta'aight  layers  with  even  sides,  parallel  to 
each  other,  and  to  one  of  the  outer  sorfaoes,  exactly  as 
in  the  obsidian.  These  lavers  sometimes  interbnuich 
and  form  loops ;  bat  I  did  not  see  any  case  of  actual 
intersection.  They  form  the  passage  finom  the  perfectly 
glassy  portions,  to  those  nearly  homogeneous  and  stony, 
with  only  an  obscure  concretionary  strocture.  In  the 
same  spedmen,  also,  sphararulites  differing  slightly  in 
ooloor  and  in  structure^  occur  embedded  close  together. 
Ckmsidering  these  fiicts,  it  is  some  confirmation  of  the 
view  abore  given  of  the  concretionary  origin  of  th.* 
obsidian  and  natxiral  sphjemlites,  to  find  that  li.  Dar- 
tignes,'  in  his  curioos  paper  on  this  subject,  attributes 
the  production  of  sphaerulites  in  glass,  to  the  different 
ingredients  obe\~ing  their  own  laws  of  attraction  and 
becoming  aggregated.  He  is  led  to  believe  that  thb 
takes  pLaoe,  from  the  difficulty  in  remelting  spha^-ulitic 
glass,  without  t^e  whole  be  first  thoroughly  pounded 
and  mixed  together;  and  likewise  fixmi  the  iact,  that 
the  change  takes  plac^  most  readily  in  glass  composed 
of  many  ingredients.  In  confirmation  of  IL  Dartigues' 
view.  I  may  remark,  that  M.  Fleurian  de  Bellevue* 
lound  that  the  sphserulitic  portions  of  devitrified  glass 
were  acted  on  both  bv  nitric  acid  and  under  the  blow- 
pipe,  in  a  different  manner  fi-om  the  compact  paste  in 
whif^  ihey  were  embedded. 

CoTnparison  of  iJie  obsidian  heds  and  atiarnaUng 
gtraia  cf  A8censlon^  viih  ilioBe  of  other  covaiiries. — 
I  have  been  struck  with  much  surprise,  how  closely  the 
excellent  description  of  t^e  obsidian  rocks  of  Hungary, 

*  *  Jonmal  de  PfayBiqne/  !•  n.  59  (1804),  pp.  10,  IS. 
■  Idem,  turn.  GO  {iBO^^,  p.  rilB. 
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given  by  Beudant/  and  that  by  Humboldt,  of  the  same 
formation  in  Mexico  and  Peru,*  and  likewise  the  descrip- 
tions given  by  several  authors  •  of  the  trachytic  regions 
in  the  Italian  islands,  agree  with  my  observations  at 
Ascension.  Many  passages  might  have  been  transferred 
without  alteration  from  the  works  of  the  above  authors, 
and  would  have  been  applicable  to  this  island.  They 
all  agree  in  the  laminated  and  stratified  character  of 
the  whole  series ;  and  Humboldt  speaks  of  some  of  the 
beds  of  obsidian  being  ribboned  like  jasper.^  They  all 
agree  in  the  nodular  or  concretionary  character  of  the 
obsidian,  and  of  the  passage  of  these  nodules  into  layers. 
They  all  refer  to  the  repeated  alternations,  often  in  un- 
dulatory  planes,  of  glassy,  pearly,  stony,  and  crystalline 
layers :  the  crystalline  layers,  however,  seem  to  be  much 
more  perfectly  developed  at  Ascension,  than  in  the 
above-named  countries.  Humboldt  compares  some  of 
the  stony  beds,  when  viewed  from  a  distance,  to  strata 
of  a  schistose  sandstone.  Sphaernlites  are  described  as 
occurring  abundantly  in  all  cases ;  and  they  everywhere 

I  •  Voyage  en  Hongrie/  torn.  i.  p.  330 ;  torn.  ii.  pp.  221  and  315 ; 
torn.  iii.  pp.  36^,  871,  377.  381. 

'  •  E88ai  G^gn^ostiqae/  pp.  176,  326,  328. 

'  P.  Scrope,  in  *  Geological  Transactions,'  vol.  ii.  (second  series) 
p.  195.  Consult,  alio,  I>olimien*8  *  Voyage  anz  Isles  Lipari,'  ai.d 
D^Anbnisson,  *  Tiait6  de  G^ogn.'  torn.  ii.  p.  534. 

*  In  Mr.  Stokes*  fine  collection  of  obsidians  from  Mexico,  I 
observe  that  the  spberulites  are  generally  much  larger  than  those  of 
Ascension ;  they  are  generally  white,  opaque,  and  are  united  into 
distinct  layers:  there  are  many  singular  varieties,  different  from 
any  at  Ascension.  The  obsidians  are  tinely  zoned,  in  quite  straight 
or  curved  lines,  with  exceedingly  slight  differences  of  tint,  of 
cellularity,  and  of  more  or  less  perfect  degrees  of  glassiness.  Tracing 
some  of  the  less  perfectly  glassy  zones,  they  are  seen  to  become 
studded  with  minute  white  sphstrulites,  which  become  more  and 
mora  numerous,  until  at  last  they  unite  and  form  a  disi  inct  iMycr : 
on  the  other  hand,  at  Ascension,  only  the  brown  sphaerulitcs  unite 
and  form  layers;  the  white  ones  always  being  irregularly  dis- 
seminated. Some  specimens  at  the  Geological  Society,  said  to 
belong  to  an  obsidian  formation  from  Mexico,  have  an  ear  hy  frac- 
ture, and  are  divided  in  the  finest  parallel  Inniinie,  by  specks  of  • 
libick  nilncml,  I'kc  the  uugitic  or  hornblendic  si.ccks  in  the  rocks  at 
Asccusion. 
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Beem  to  mark  the  passage,  from  the  perfectly  glassy  to 
the  stony  and  crystalline  beds.  Beudant's  acconnt '  of 
his  '  pertite  litholde  globulaire '  in  every,  eveu  the 
most  trifling  particular,  might  have  been  written  for 
the  little  brown  spha^rulitic  globules  of  the  rocka  of 

From  the  close  similarity  in  so  many  respects,  be- 
tween the  obsidian  formations  of"  Hungary,  Mexico,  ' 
Peru,  and  of  some  of  the  Italian  islands,  with  that  of 
Ascension,  I  can  hardly  doubt  that  in  all  these  cases, 
the  obsidian  and  the  sph^rulites  owe  their  origin  to  a 
concretionary  aggregation  of  the  silica,  and  of  some  of 
the  other  constituent  elements,  taking  place  whilst  the 
liquefied  mass  cooled  at  a  certain  required  rate.  ■  It  is, 
however,  well  known,  that  in  several  places,  obsidian 
has  flowed  in  streams  like  lava ;  for  instance,  at  Teneriffe, 
at  the  Lipari  Islands,  and  at  Iceland.^  In  these  cases, 
the  superficial  parts  are  the  most  perfectly  glassy,  the 
obsidian  passing  at  the  depth  of  a  few  feet  into  an  opaque 
stone.  In  an  analysis  by  Vauquelin  of  a  specimen  of 
obsidian  from  Hecla,  which  probably  flowed  na  lava,  the 
proportion  of  silica  is  nearly  the  same  as  in  the  nodular 
or  concretionary  obsidian  from  Mexico.  It  would  be 
interesting  to  ascertain,  whether  the  opaque  interior 
portions  and  the  superficial  glassy  coating  contained 
the  same  proportional  constituent  parts  :  we  know  from 
M.  Dufrenoy  *  that  the  exterior  and  interior  parts  of 
the  same  stream  of  lava  sometimps  differ  considerably 
in  their  composition.  Even  should  the  whole  body  ot 
the  stream  of  obsidian  turn  out  to  be  similarly  com- 

'  Bendant's  '  Voyage,'  toio.  iii.  p.  3T3. 

•  For  Teneriffe.  see  Von  Duch,  ■  Descript.  des  Islea  Canaririt,'  pp. 
184  and  190;  for  the  Lipnri  Islands,  see  Dolimieu's  •  Voyage,' p.  34) 
for  Iceland,  eee  Mackenzie's  '  Travelii,'  p.  309. 

'  '  M^moirex  pour  Ecrvir  A  one  De^cri[it.  Gi'olog.  de  la  Fiance,' 
lom.  IT.  p.  :i71. 
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posed  with  Bodnlar  obsidian,  it  would  only  be  necessary, 
in  accordance  with  the  foregoing  facts,  to  suppose  that 
lava  in  these  instances  had  been  erupted  with  its  ingre- 
dients mixed  in  the  same  proportion,  as  in  the  concre- 
tionary obsidian. 

Lamination  of  volcanic  rocks  of  the  trachytic  series,  . 

We  have  seen  that,  in  several  and  widely  distant 
countries,  the  strata  alternating  with  beds  of  obsidian, 
are  highly  laminated.  The  nodules,  also,  both  large 
and  small,  of  the  obsidian,  are  zoned  with  different 
shades  of  colour;  and  I  have  seen  a  specimen  from 
Mexico  in  Mr.  Stokes'  collection,  with  its  external 
surface  weathered  ^  into  ridges  and  furrows,  correspond- 
ing with  the  zones  of  different  degrees  of  glassiness : 
Humboldt,*  moreover,  found  on  the  Peak  of  Teneriffe, 
a  stream  of  obsidian  divided  by  very  thin,  altematingy 
layers  of  pumice.  Many  other  lavas  of  the  feldspathic 
series  are  laminated ;  thus,  masses  of  common  trachyte 
at  Ascension  are  divided  by  fioe  earthy  lines,  along 
which  the  rock  splits,  separating  thin  layers  of  slightly 
different  shades  of  colour ;  the  greater  number,  also,  of 
the  embedded  crystals  of  glassy  feldspar  are  placed 
lengthways  in  the  same  direction.  Mr.  P.  Scrope  '  has 
described  a  remarkable  columnar  trachyte  in  the 
Panza  Islands,  which  seems  to  have  been  injected  into 
an  overlying  mass  of  trachytic  conglomerate:  it  is 
striped  with  zones,  often  of  extreme  tenuity,  of  dif- 
ferent textures  and  colours;   the  harder  and  darker 

>  HacCalloch  sTates  ('  Classification  of  Bocks/  p.  531),  that  the 
exposed  surfaces  of  the  pitchstone  dikes  in  Arran  are  farrowed, 
*vith  nndalating  lines,  resembling  certain  varieties  of  marbled 
paper,  and  which  evidently  result  from  some  corresponding  difference 
of  laminar  structure.' 

*  *  Personal  Narrative.'  vol.  i.  p.  222. 

*  '  Geological  Transactions/  voL  ii.  (second  series)  p.  195. 
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zones  appearing  to  contain  a  larger  proportion  of  silica. 
In  another  part  of  the  island,  there  are  layers  of  pearl- 
stone  and  pitchstone,  which  in  many  respects  resemble 
those  of  Ascension.     The  zones  in  the  columnar  trachyte 
are  generally  contorted;   they  extend  uninterruptedly 
for  a  great  length  in  a  vertical  direction,  and  apparently 
parallel  to  the  walls  of  the  dike-like  mass.      Von  Buch* 
has  described  at  Teneriffe,  a  stream  of  lava  containing 
innumerable,  thin,  plate-like  crystals  of  feldspar,  which 
are  arranged  like  white  threads,  one  behind  the  other, 
and  which  mostly  follow  the  same  direction.    Dolimieu* 
also  states,  that  the  gray  lavas  of  the  modem  cone  of 
Vulcano,  which  have  a  vitreous  texture,  are  streaked 
with  parallel  white  lines:  he  further  describes  a  solid 
pumice-stone  which  possesses  a  fissile  structure,  like 
that  of  certain  micaceous  schists.     Pbonolite,  which  I 
may  observe  is  often,  if  not  always,  an  injected  rock, 
also,  often  has  a  fissile  structure ;  this  is  generally  due 
to  the  parallel   position  of  the  embedded   crystals  of 
feldspar,  but  sometimes,  as  at  Fernando  Noron  ha,  se^ms 
to  be  nearly   independent  of  their  presence.'     From 
these    facts  we  see,  that  various   rocks  of  feldspathic 
series  have  either  a  laminated  or  fissile  structure,  and 
that  it  occurs  both  in  masses,  which  have  been  injected 
into  overlying  strata,  and  in  others  which  have  flowed 
as  streams  of  lava. 

The  laminsB  of  the  beds,  alternating  with  the  obsi- 
dian at  Ascension,  dip  at  a  high  angle  under  the  moun- 

*  •  Description  des  lies  Canaries,*  p.  184. 

*  *  Voyage  aux  Isles  de  Lipari/  pp.  .35  and  86. 

'  Tn  this  case,  aud  in  that  of  the  fi&sile  pnroicc*8tone,  the  strnc* 
lure  is  veiy  different  from  that  in  the  furt going  cases,  where  the 
laminae  consist  of  alternate  layers  of  different  composition  or  texture. 
In  some  sedimentary  formations,  however,  which  apparently  are 
homogeneous  and  fissile,  as  in  glossy  clay-slate,  there  is  reason  to 
bt-lieve,  according  to  D'Aubuisson,  that  the  laminse  are  really  due  to 
excessively  thin,  alterLatirig,  layers  of  mica. 
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tain,  at  the  base  of  which  they  are  situated ;  and  they 
do  not  appear  as  if  they  had  been  inclined  by  violence. 
A  high  inclination  is  common  to  these  beds  in  Mexico, 
Pern,  and  in  some  of  the  Italian  islands  : '  on  the  other 
hand,  in  Hungary,  the  layers  are  horizontal;  the 
laminae,  also,  of  some  of  the  lava-streams  above  referred 
to,  as  far  as  I  can  understand  the  descriptions  given 
of  them,  appear  to  be  highly  inclined  or  vertical.  I 
doubt  whether  in  any  of  these  cases,  the  laminae  have 
been  tilted  into  their  present  position;  and  in  some 
instances,  as  in  that  of  the  trachyte  described  by  Mr. 
Scrope,  it  is  almost  certain  that  they  have  been  origin- 
ally formed  with  a  high  inclination.  In  many  of  these 
cases,  there  is  evidence  that  the  mass  of  liquefied  rock 
has  moved  in  the  direction  of  the  laminae.  At  Ascen- 
sion, many  of  the  air-cells  have  a  drawn-out  appearance, 
and  are  crossed  by  coarse  semi-glassy  fibres,  in  the 
direction  of  the  laminae ;  and  some  of  the  layers,  sepa- 
rating the  sphaerulitic  globules,  have  a  scored  appear- 
ance, as  if  produced  by  the  grating  of  the  globules.  I 
have  seen  a  specimen  of  zoned  obsidian  from  Mexico, 
in  Mr.  Stokes'  collection,  with  the  surfaces  of  the  best- 
defined  layers  streaked  or  furrowed  with  parallel  lines ; 
and  these  lines  or  streaks  precisely  resembled  those, 
produced  on  the  surface  of  a  mass  of  artificial  glass  by 
its  having  been  poured  out  of  a  vessel.  Humbgldt, 
also,  has  described  little  cavities,  which  he  compares  to 
the  tails  of  comets,  behind  sphaerulites  in  laminated  obsi- 
dian rocks  from  Mexico,  and  Mr.  Scrope  has  described 
other  cavities  behind  fragments  embedded  in  his  lami- 
nated trachyte,  and  which  he  supposes  to  have  been 

I  See  FMnips*s  ■  Mineralogy,*  for  the  Italian  Islands,  p.  19(^ 
For  Mexico  and  Peru,  see  Hambo1dt*s  *  Rssai  O^ognostiqiie.'  Mr. 
Edwards,  also,  describes  the  high  inclination  of  the  obsidian  rocks 
of  the  Cerro  dt- 1  Navaja  in  Mexico,  in  the  *  Proo.  of  the  Geolog.  Hoc.* 
for  Jane,  1838. 
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produced  during  the  movement  of  the  mass.'  From 
such  facts,  most  authors  have  attributed  the  lamination 
of  these  volcanic  rocks  to  their  movement  whilst  lique- 
fied. Although  it  is  easy  to  perceive,  why  each  separate 
air-cell,  or  each  fibre  in  pumice-stone,*  should  be  drawn 
out  in  the  direction  of  the  moving  mass ;  it  is  by  no 
means  at  first  obvious  why  such  air-cells  and  fibres 
should  be  arranged  by  the  movement,  in  the  same 
planes,  in  laminsD  absolutely  straight  and  parallel  to 
each  other,  and  often  of  extreme  tenuity ;  and  still  less 
obvious  is  it,  why  such  layers  should  come  to  be  of 
slightly  difiierent  composition  and  of  difierent  textures. 
In  endeavouring  to  make  out  the  cause  of  the 
lamination  of  the  igneous  feldspathic  rocks,  let  us 
return  to  the  facts  so  minutely  described  at  Ascension. 
We.  there  see,  that  some  of  the  thinnest  layers  are 
chiefly  formed  by  numerous,  exceedingly  minute,  though 
perfect,  crystals  of  different  minerals ;  that  other  layers 
are  formed  by  the  union  of  different  kinds  of  concre- 
tionary globules,  and  that  the  layers  thus  formed,  often 
cannot  be  distinguished  from  the  ordinary  feldspathic 
and  pitchstone  layers,  composing  a  large  portion  of  the 
entire  mass.  The  fibrous  radiating  structure  of  the 
sphserulites  seems,  judging  from  many  analogous  cases, 
to  connect  the  concretionary  and  crystalline  forces :  the 
separate  crystals,  also,  of  feldspar  all  lie  in  the  same 

• 

>  *OeologicaI  Transactions/  yoI.  it.  (second  series)  p.  200,  &c. 
These  embedded  fragments,  in  some  instances,  consist  of  tlie  lami- 
nated trachyte  broken  off  and  *  enveloped  in  those  parts,  which  still 
remained  liquid.'  Beadant,  also,  frequently  refers,  in  his  great  work 
on  *  Hungary '  (torn.  iii.  p.  386),  to  trachytic  rocks,  irregularly  spotted 
with  fragments  of  the  same  varieties,  which  in  other  parts  form  the 
parallel  ribbons.  In  these  cases,  we  must  sappose,  that  after  part 
of  the  molten  mass  had  assumed  a  laminated  stracture,  a  fresh 
irruption  of  lava  broke  up  the  mass,  and  iuYolved  fragments,  and 
that  subsequently  the  whole  became  relaminated. 

*  DoUmien's  •  Voyage,'  p.  64. 
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parallel  planes.*  These  allied  forces,  therefore,  have 
played  an  important  part  in  the  lamination  of  the  mass, 
but  they  cannot  be  considered  the  primary  force ;  for 
the  several  kinds  of  nodules,  both  the  smallest  and  the 
largest,  are  internally  zoned  with  excessively  fine  shades 
of  colour,  parallel  to  the  lamination  of  the  whole ;  and 
many  of  them  are,  also,  externally  marked  in  the  same 
direction  with  parallel  ridges  and  furrows,  which  have 
not  been  produced  by  weathering. 

Some  of  the  finest  streaks  of  colour  in  the  stony 
layers,  alternating  with  the  obsidian,  can  be  distinctly 
seen  to  be  due  to  an  incipient  crystallisation  of  the 
constituent  minerals.  The  extent  to  which  the  minerals 
have  crystallised  can,  also,  be  distinctly  seen  to  be 
connected  with  the  greater  or  less  size,  and  with  the 
number,  of  the  minute,  flattened,  crenulated  air-cavities 
or  fissures.  Numerous  facts,  as  in  the  case  of  geodes, 
and  of  cavities  in  silicified  wood,  in  primary  rocks,  and 
in  veins,  show  that  crystallisation  is  much  favoured 
by  space.  Hence,  I  conclude,  that,  if  in  a  mass  of 
cooling  volcanic  rock,  any  cause  produced  in  parallel 
planes  a  number  of  minute  fissures  or  zones  of  less 
tension,  (which  from  the  pent-up  vapours  would  often 
be  expanded  into  crenulated  air-cavities),  the  crystal- 
lisation of  the  constituent  parts,  and  probably  the  for- 
mation of  concretions,  would  be  superinduced  or  much 
favoured  in  such  planes ;  and  thus,  a^  laminated  struc- 
ture of  the  kind  we  are  here  considering  would  bo 
generated. 

That  some  cause  does  produce  parallel  zones  of  less 

*  The  formation,  indeed,  of  a  large  crystal  of  any  mineral  in  a 
rock  of  mixed  compoeition  implies  an  a/gregation  of  tbo  requisite 
atoms,  allied  to  concretionary  action.  The  causte  of  the  crystals  of 
feldspar  in  these  rocks  of  Ascension,  being  all  pliced  lengthways,  la 
probably  the  same  with  that  which  elongates  and  flattens  all  the 
brown  sphaerulitic  globules  (which  behave  Like  feldsp<ir  under  tho 
blowpipe)  in  this  same  direction. 
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tension  in  volcanic  rocks,  during  their  consolidation,  we 
znnst  admit  in  the  case  of  the  thin  alternate  lavers  of 
obsidian  and  pumice  described  by  Hnmboldt,  and  of 
the  small,  flattened,  crenalated  air-ceUs  in  the  lami- 
nated rocks  of  Ascension ;  for  on  no  other  principle  can 
we  conceive  why  the  confined  vaponrs  should  through 
their  expansion  form  air-cells  or  fibres  in  separate, 
parallel  planes,  instead  of  irregularly  throughout  the 
mass.  In  Mr.  Stokes'  collection,  I  have  seen  a 
beautiful  example  of  this  structure,  in  a  specimen  of 
obsidian  from  Mexico,  which  is  shaded  and  zoned,  like 
the  finest  agate,  with  numerous,  straight  parallel  layers, 
more  or  less  opaque  and  white,  or  almost  perfectly 
glassy ;  the  degree  of  opacity  and  glassiness  depending 
on  the  number  of  microscopically  minute,  flattened 
air-cells ;  in  this  case,  it  is  scarcely  possible  to  doubt 
but  that  the  mass,  to  which  the  fragment  belonged, 
must  have  been  subjectt^d  to  some,  probably  prolonged, 
action,  causing  the  tension  slightly  to  vary  in  the  suc- 
cessive planes. 

Several  causes  appear  capable  of  pix)ducing  zones  of 
dilTerent  tension,  in  masses  semi-liquefied  by  heat.  In 
a  fragment  of  devitrified  glass,  I  have  observed  layers 
of  sphaerulites  which  appeared,  from  the  manner  in 
which  they  were  abruptly  bent,  to  have  been  produced 
by  the  simple  contraction  of  the  mass  in  the  vessel,  in 
which  it  cooled.  In  certain  dikes  on  mount  Etna,  de- 
scribed by  M.  £lie  de  Beaumont,^  as  bordered  by  alter- 
nating bands  of  scoriaceous  and  compact  rock,  one  is 
led  to  suppose  that  the  stretching  movement  of  the 
surrounding  strata,  which  originally  produced  the 
fissures,  continued  whilst  the  injected  rock  remained 
fluid.     Guided,  however,  by  Professor  Forbes'*  clear 

'  *  M^m.  pour  servir/  ^c,  torn.  It.  p.  131. 

1  *£dmburgh  N&w  riiil.  Jourcai;  1842,  p.  350. 
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description  of  the  zoned  structure  of  glacier-ice,  far  the 
most  probable  explanation  of  the  laminated  structure 
of  these  feldspathic  rocks  appears  to  be,  that  they  have 
been  stretched  whilst  slowly  flowing  onwards  in  a  pasty 
condition,^  in  precisely  the  same  manner  as  Professor 
Forbes  believes,  that  the  ice  of  moving  glaciers  is 
stretched  and  fissured.  In  both  cases,  the  zones  may 
be  compared  to  those  in  the  finest  agates;  in  both, 
they  extend  in  the  direction  in  which  the  mass  has 
flowed,  and  those  exposed  on  the  surface  are  generally 
vertical :  in  the  ice,  the  porous  laminae  are  rendered 
distinct  by  the  subsequent  congelation  of  infiltrated 
water,  in  the  stony  feldspathic  lavas,  by  subsequent 
crystalline  and  concretionary  action.  The  fragment  oi 
glassy  obsidian  in  Mr.  Stokes'  collection,  which  is  zoned 
with  minute  air-cells,  must  strikingly  resemble,  judging 
from  Professor  Forbes'  descriptions,  a  fragment  of  the 
zoned  ice ;  and  if  the  rate  of  cooling  and  nature  of  tlie 
mass  had  been  favourable  to  its  crystallisation  or  to 
concretionarv  action,  we  should  here  have  had  the  finest 
parallel  zones  of  different  composition  and  texture. 
In  glaciei*s,  the  lines  of  porous  ice  and  of  minute 
crevices  seem  to  be  due  to  an  incipient  stretching, 
caused  by  the  central  parts  of  the  frozen  stream  moving 
faster  than  the  sides  and  bottom,  which  are  retarded  by 
friction :  hence  in  glaciers  of  certain  forms  and  towards 
the  lower  end  of  most  glaciers,  the  zones  become  hori- 
zontal. May  we  venture  to  suppose  that  in  the  feld- 
spathic lavas  with  horizontal  laminae,  we  see  an  analo- 
gous case  ?  All  geologists,  who  have  examined  trachytic 
regions,  have  come  to  the  conclusion,  that  the  lavas  of 

>  I  presQine  that  th«B  is  nearly  the  same  explanation  which  Mr. 
Scrope  had  in  his  mind,  when  he  speaks  ('  Geolopr.  Transact/  toI  ii. 
second  series,  p.  228)  of  the  ribboned  straotare  of  his  trachytic  rocks, 
having  arisen,  from  *  a  linear  extension  of  the  mass,  while  in  a  state 
of  imperfect  liquidity,  coupled  with  a  ooncretionary  process.' 
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this  aeries  have  possessed  an  exceedingly  imperfect 
fluidity;  and  as  it  is  evident  that  only  matter  thus 
characterised  woold  be  subject  to  become  fissnred  and 
to  be  formed  into  zones  of  different  tensions,  in  the 
manner  here  supposed,  we  probably  see  the  reason  why 
augitic  lavas,  which  appear  generally  to  have  possessed 
a  high  degree  of  fluidity,  are  not,^  like  the  feldspathic 
lavas,  divided  into  laminsB  of  different  composition  and 
tpxture.  Moreover,  in  the  augitic  series,  there  never 
appears  to  be  auy  tendency  to  concretionary  action, 
which  we  haye  seen  plays  an  important  part  in  the 
lamination  of  rocks  of  the  trachytic  series,  or  at  least  in 
rendering  that  structure  apparent. 

Whatever  may  be  thought  of  the  explanation  here 
advanced  of  the  laminated  structure  of  the  rocks  of  the 
trachytic  series,  I  venture  to  call  the  attention  of  geolo- 
gists to  tihe  simple  fact,  that  in  a  body  of  rock  at 
Ascension,  undoubtedly  of  volcanic  origin,  la  vers  oflen 
of  extreme  tenuity,  quite  straight,  and  parallel  to  each 
other,  have  been  produced ; — some  composed  of  distinct 
crystals  of  quartz  and  diopside,  mingled  with  amorphous 
augitic  specks  and  granular  feldspar, — others  entirely 
composed  of  these  black  augitic  specks,  with  granules 
of  oxide  of  iron, — and  lastly,  others  formed  of  crystal- 
line feldspar,  in  a  more  or  less  perfect  state  of  purity, 
together  with  numerous  crystals  of  feldspar,  placed 
lengthways.  At  this  island,  there  is  reason  to  believe, 
and  in  some  analogous  cases,  it  is  certainly  known,  that 
the  laminae  have  originally  been  formed  with  their  pre- 


>  Basaltio  lavaa,  snd  many  other  rocks,  are  not  nnfreqaently 
divided  into  thick  laininaB  or  plates,  of  the  same  composition,  which 
are  either  straight  or  cnnred ;  these  heing  orossed  by  vertical  lines 
of  fissoie,  sometimes  become  united  into  columns.  This  stmctuie 
seems  related,  in  its  origin,  to  that  by  which  many  rocks,  both 
Igneous  and  sedimentary,  beooiae  uavezwd  by  paradel  sj  stems  of 
fisfiirei. 
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sent  high  inclination.  Facts  of  this  nature  are  mani- 
festly of  importance,  with  relation  to  the  stractaral 
origin  of  that  grand  series  of  plntonic  rocks,  which  like 
the  volcanic  have  undergone  the  action  of  heat,  and 
which  consist  of  alternate  layers  of  qnartz,  feldspar, 
mica,  and  other  materials. 


CHAPTER  IV. 

ST.  HELENA. 

jf«jf  mU  Md  itfiks  Batt^—Dibe9—TwVM  Oa^  ami  Pro^eromt 
Bayi— Baubitie  rimg — CtntrtU  craterifmrm  rid^^  with  4Ut  intermal 
laipe  and  a  parapet — Opnat  qf  phonoUte — Sftperfieuil  h^di  wf  eaU 
eart/ouM  mitdgftme — Ertimet  land-ikfUg — BedM  ef  detriimM — Eltcor- 
turn,  0f  the  lamd — Dcnmdatufn —  Cr€Btxr»  ^  eiecatum. 

The  whole  island  is  of  volcanic  origin ;  its  circmnferenoe, 
according  to  Beatsoa,^  is  about  twenty-eight  miles. 
The  central  and  largest  part  consists  of  rocks  of  a  feld- 
spathic  nature,  generally  decomposed  to  an  ext.raoi^- 
naiy  degree  ;  and  when  in  this  state,  presenting  a  singu- 
lar assemblage  of  alternating,  red,  purple,  brown,  yellow, 
and  white,  soft,  argillaceous  beds.  From  the  shortness 
of  our  visit,  I  did  not  examine  these  beds  with  care ; 
some  <^  them,  especially  those  of  the  white,  yellow, 
and  brown  shades,  oiiginally  existed  as  streams  of  lava, 
but  the  greater  number  were  probably  ejected  in  the 
form  of  Boorue  and  ashes :  other  beds  of  a  purple  tint, 
porphyritic  with  crystal-shaped  patches  of  a  white,  soft 
substance,  which  are  now  unctuous,  and  yield,  like 
wax,  a  polished  streak  to  the  nail,  seem  once  to  have 
existed  as  solid  claystone-porphyries :  the  red  argil- 
lac30us  beds  generally  have  a  brecciated  structure,  and 
no  doubt  have  been  formed  by  the  decomposition  of 

>  Governor  Beitson*!  *  Aoconnt  of  St.  Helena.' 
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scoria9.  Several  extensive  streams,  however,  belonging 
to  this  series,  retain  their  stony  character;  these  are 
either  of  a  blackish-green  colour,  with  minute  acicular 
crystals  of  feldspar,  or  of  a  very  pale  tint,  and  almost 
composed  of  minnte,  often  scaly,  crystals  of  feldspar, 
abounding  with  microscopical  black  specks;  they  are 
generally  compact  and  laminated ;  others,  however,  of 
similar  composition,  are  cellular  and  somewhat  decom- 
posed. None  of  these  rocks  contain  large  crystals  of 
feldspar,  or  have  the  harsh  fracture  peculiar  to  trachyte. 
These  feldspathic  lavas  and  tuffs  are  the  uppermost  or 
those  last  erupted ;  innumerable  dikes,  however,  and 
great  masses  of  molten  rock,  have  subsequently  been 
injected  into  them.  They  converge,  as  they  rise, 
towards  the  central  curved  ridge,  of  which  one  point 
attains  the  elevation  of  2,700  feet.  This  ridge  is  the 
highest  land  in  the  island ;  and  it  once  formed  the 
northern  rim  of  a  great  crater,  whence  the  lavas  of  this 
series  flowed:  from  its  ruined  condition,  from  the 
southern  half  having  been  removed,  and  from  the 
violent  dislocation  which  the  whole  island  has  under- 
gone, its  structure  is  rendered  very  obscure. 

BasaUic  series. — ^The  margin  of  this  island  is 
formed  by  a  rude  circle  of  great,  black,  stratified,  ram- 
parts of  basalt,  dipping  seaward,  and  worn  into  cliflTs, 
which  are  often  nearly  perpendicular,  and  vary  in 
height  from  a  few  hundred  feet  to  two  thousand. 
This  circle,  or  rather  horse-shoe  shaped  ring,  is  open  to 
the  south,  and  is  breached  by  several  other  wide  spaces. 
Its  rim  or  summit  generally  projects  little  above  the 
level  of  the  adjoining  inland  country;  and  the  more 
recent  feldspathic  lavas,  sloping  down  from  the  central 
heights,  generally  abut  against  and  overlap  its  inner 
margin ;  on  the  north-western  side  of  the  island,  how* 
ever,   they  appear  (judging  fix)m  a  distance)  to  have 
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flowed  over  and  ooocnJed  portions  of  it.  In  some 
|nits^  whei«  the  basaltic  ling  had  been  breached,  and 
the  Uack  ramparts  stand  detached,  the  feldspathic 
lavas  have  passed  between  them^  and  now  oveihang 
the  sea-coast  in  lofhr  cliff&  The  basaltic  rocks  are  of  a 
black  colour  and  thinly  stratified ;  thev  are  generally 
highly  vesdcnlar.  but  occasionally  compact;  some  ot 
them  o(»itain  numeroos  crystals  of  glassy  feldspar  and 
octahedrons  iA  titaniferons  iron ;  others  aboond  with 
crystals  of  augite  and  grains  of  olivine..  The  vesicles 
are  frequently  lined  with  minute  cirstals  (of  chabasie  ?) 
and  even  become  amygdaloidal  with  them.  The 
streams  aie  separated  from  each  other  by  cindeiy 
matter^  or  by  a  bright  red,  friable^  saliferons  tnff,  which 
IS  niaiked  by  sacoessive  lines  like  those  of  aqneoos 
deposition ;  and  sometimes  it  has  an  obscure^  eoncie- 
tionarv  structure.  The  rocks  of  this  basaltic  series 
occur  nowhere  except  near  the  coast.  In  most  volcanic 
districts  the  taachytic  lavas  are  of  anterior  origin  to  the 
basaltic;  but  here  we  see,  that  a  great  pile  of  rock, 
closely  related  in  composition  to  the  trachytic  fiimily, 
has  been  erupted  subsequently  to  the  basaltic  strata : 
the  number,  hower^,  di  dikes,  abounding  with  laige 
crystals  of  augite,  with  which  the  feldspathic  lavas  have 
been  injected,  shows  perhaps,  some  tendency  to  a  re- 
turn  to  the  more  usual  order  of  superposition. 

Basal  gnbrnarime  lavas. — ^The  lavas  of  this  basal 
series  lie  immediately  beneath  both  the  basaltic  and 
feldspathic  rocks.  According  to  Mr.  Seale,'  they  may 
be  seen  at  intervals  on  the  sea- beach  round  the  entire 
island.  In  the  sections  which  I  examined,  their  nature 
varied  much ;  some  €1  the  strata  abound  with  crystals  of 

>  < GeogDOSj  of  tlie  Islmnd  of  Rt.  Helena*  llr.  Seale  has  txm- 
fimofced  m  gigantic  model  of  St  Hdena.  well  worth  viating,  vfaicfa 
is  DOW  d^Mit^d  at  Addisoombe  College,  in  Suirqr. 
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augite ;  others  are  of  a  brown  colour,  either  lami- 
nated or  in  a  rubbly  condition ;  and  many  parts  are 
highly  araygdaloidal  with  calcareous  matter.  The 
successive  sheets  are  either  closely  united  together,  or 
are  separated  from  each  other  by  beds  of  scoriaceous 
rock  and  of  laminated  tuff,  frequently  containing  well- 
rounded  fragments.  The  interstices  of  these  beds  are 
filled  with  gypsum  and  salt ;  the  gypsum  also  sometimes 
occurring  in  thin  layers.  From  the  large  quantity  of 
these  two  substances,  from  the  presence  of  rounded 
pebbles  in  the  tuffs,  and  from  the  abundant  amygdaloids, 
I  cannot  doubt  that  these  basal  volcanic  strata  flowed  be- 
neath the  sea.  This  remark  ought  perhaps  to  be  extended 
to  a  part  of  the  superincumbent  basaltic  rocks  ;  but  on 
tin's  point,  I  was  not  able  to  obtain  clear  evidence.  The 
strata  of  the  basal  series,  whenever  I  examined  them, 
were  intersected  by  an  extraordinary  number  of  dikes. 

Flagstaff  Hill  and  the  Bam. — ^I  will  now  describe 
some  of  the  more  remarkable  sections,  and  will  com- 
mence with  these  two  hills,  which  form  the  principal 
external  feature  on  the  north-eastern  side  of  the  island. 
The  square,  angular  outline,  and  black  colour  of  the 
Bam,   at  once   show   that   it   belongs  to  the  basaltic 

No.  8. 


Flagstaff  HilL  The  Bam. 

S^S  feet  high.  S,015  feet  high. 

The  double  lines  represent  the  basaltic  stnta  ;  the  single,  the  ba«al  submarine  strste  ; 
the  dotted,  the  upper  feldspathic  strata ;  the  dikes  are  shaded  transwraely. 

series ;  whilst  the  smooth,  conical  figure,  and  the 
varied  bright  tints  of  Flagstaff  Hill,  render  it  equally 
clear,  that  it  is  composed  of  the  softened,  feldspathic 
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rocks.  These  two  lofty  hills  are  connected  (as  is  shown 
in  the  accompanying  woodcut)  by  a  sharp  ridge, 
which  is  composed  of  the  rubbly  lavas  of  the  basal 
series.  The  strata  of  this  ridge  dip  westward,  the  in- 
clination becoming  less  and  less  towards  the  Flagstaff; 
and  the  npper  feldspathic  strata  of  this  hill  can  be  seen, 
though  with  some  diflBculty,  to  dip  conformably  to  the 
WSW.  Close  to  the  Bam,  the  strata  of  the  ridge  are 
nearly  vertical,  but  are  much  obscured  by  innumerable 
dikes ;  under  this  hill,  they  probably  change  from  being 
vertical  into  being  inclined  into  an  opposite  direction ; 
for  the  upper  or  basaltic  strata,  which  are  about  800 
or  1,000  feet  in  thickness,  are  inclined  north-eastward, 
at  an  angle  between  thirty  and  forty  degrees. 

This  ridge,  and  likewise  the  Bam  and  Flagstaff  Hills, 
are  interlaced  by  dikes,  many  of  which  preserve  a  re- 
markable parallelism  in  a  NNW.  and  SSE.  direction. 
The  dikes  chiefly  consist  of  a  rock,  porphyritic  with 
large  crystals  of  augite ;  others  are  formed  of  a  fine- 
grained and  brown-coloured  trap.  Most  of  these  dikes 
are  coated  by  a  glossy  layer,^  from  one  to  two-tenths  of 
an  inch  in  thickness,  which,  unlike  true  pitchstone, 
fuses  into  a  black  enamel ;  this  layer  is  evidently  ana- 
logons  to  the  glossy  superficial  coating  of  many  lava 
streams.  The  dikes  can  often  be  followed  for  great 
lengths  both  horissontally  and  vertically,  and  they  seem 
to  preserve  a  nearly  uniform   thickness:*     Mr.  Scale 


'  This  circumstance  has  been  observed  (Lyell,  'Principles  of 
Geology,'  vol.  iv.  chap.  x.  p.  9)  in  the  dikes  of  the  Atrio  del  Cavallo, 
bat  apparently  it  is  not  of  very  common  occurrence.  Sir  G.  Mac- 
kenzie, however,  states  (<  Travels  in  Iceland/  p.  872)  that  all  the 
veins  in  Iceland  have  a  *  black  vitreous  coating  on  their  sides.'  Capt. 
Carmichael,  speaking  of  the  dikes  in  Tristan  D'Acunha.  a  volcanic 
island  in  the  southern  Atlantic,  says  (*  Linnsean  Transactions,'  vol. 
xii.  p.  485)  that  their  sides,  *  where  they  come  in  contact  with  the 
XDCks,  are  invariably  in  a  semi-vitrified  state* 

'  *  Geognosy  of  the  Island  of  St.  Helena,'  plate  6. 
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states,  that  one  near  the  Barn,  in  a  height  of  1,260  feet, 
decresfies  in  width  only  four  inches, — from  nine  feet  at 
the  bottom,  to  eight  feet  and  eight  inches,  at  the  top. 
On  the  ridge,  the  dikes  appear  to  have  been  guided  in 
their  course,  to  a  considerable  degree,  by  the  alterna- 
ting soft  and  hard  strata :  they  are  often  firmly  united 
to  the  harder  strata,  and  they  preserve  their  panil- 
lelism  for  such  great  lengths,  that  in  very  many  in- 
stances it  was  impossible  to  conjecture,  which  of  the 
beds  were  dikes,  t«nd  which  streams  of  lava.  The  dikes, 
though  so  numerous  on  this  ridge,  are  even  more 
numerous  in  the  valleys  a  little  south  of  it,  and  to  a 
degree  I  never  saw  equalled  anywhere  else:  in  these 
valleys  they  extend  in  less  regular  lines,  covering  the 
ground  with  a  network,  like  a  spider's  web,  and  with 
some  parts  of  the  surface  even  appearing  to  consist 
wholly  of  dikes,  interlaced  by  other  dikes. 

From  the  complexity  produced  by  the  dikes,  fk>m 
the  high  inclination  and  anticlinal  dip  of  the  strata  of 
the  basal  series,  which  are  overlaid,  at  the  opposite 
ends  of  the  short  ridge,  by  two  great  masses  of  different 
ages  and  of  different  composition,  I  am  not  surprised 
that  this  singular  section  has  been  misunderstood.  It 
has  even  Veen  supposed  to  form  part  of  a  crater;  but 
80  far  is  this  from  having  been  the  case,  that  the  summit 
of  Flagstaff  Hill  once  formed  the  lower  extremity  of  a 
sheet  of  lava  and  ashes,  which  were  erupted  irom  the 
central,  crateriform  ridge.  Judging  from  the  slope  of 
the  contemporaneous  streams  in  an  adjoining  and  un- 
disturbed part  of  the  island,  the  strata  of  the  Flagstaff 
Hill  must  have  been  upturned  at  least  twelve  hundred 
feet,  and  probably  much  more,  for  the  great  truncated 
dikes  on  its  summit  show  that  it  has  been  largely 
denuded.  The  summit  of  this  hill  now  nearly  equals 
in  height  the  crateriform  ridge;  and  before  having 
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been  denuded,  it  was  probably  higher  than  this  ridge, 
from  which  it  is  separated  by  a  broad  and  mnch  lower 
tract  of  country ;  we  here,  therefore,  see  that  the  lower 
extremity  of  a  set  of  lava-streams  have  been  tilted  up 
to  as  great  a  height  as,  or  perhaps  greater  height  than, 
the  crater,  down  the  flanks  of  which  they  originally 
flowed.  I  believe  that  dislocations  on  so  grand  a  scale 
are  extremely  rare  *  in  volcanic  districts.  The  forma- 
tion of  such  numbers  of  dikes  in  this  part  of  the  island 
shows  that  the  surface  must  here  have  been  stretched  to  a 
quite  extraordinary  degree ;  this  stretching,  on  the  ridg3 
between  Flagstaff  and  Barn  Hills,  probably  took  place 
subsequently  (though  perhaps  immediately  so)  to  the 
strata  being  tilted;  for  had  the  strata  at  that  time 
extended  horizontally,  they  would  in  all  probability 
have  been  fissured  and  injected  transversely,  instead  of 
in  the  planes  of  their  stratification.  Although  the 
space  between  the  Bam  and  Flagstaff  Hill  presents  a 
distinct  anticlinal  line  extending  north  and  south,  and 
though  most  of  the  dikes  range  with  much  regularity 
in  the  same  line,  nevertheless,  at  only  a  mile  due  south 
of  the  ridge  the  strata  lie  undisturbed.  Hence  the 
disturbing  force  seems  to  have  acted  under  a  point, 
rather  than  along  a  line.  The  manner  in  which  it  has 
acted,  is  probably  explained  by  the  structure  of  Little 
Stony-top,  a  mountain  2,000  feet  high,  situated  a  few 
miles  southward  of  the  Barn ;  we  there  see,  even  from 
a  distance,  a  dark-coloured,  sharp,  wedge  of  compact 
columnar  rock,  with  the  bright-coloured  feldspathic 
fi;trata,  sloping  away  on  each  side  from  its  uncovered 
apex.  This  wedge,  from  which  it  derives  its  name  of 
Stony-top,  consists  of  a  body  of  rock,  which  has  been 

'  M.  Constant  Prevost  (*M6m.  de  la  Soc.  G^olog.*  torn,  ii) 
observes,  that  *  les  prodnits  Yolcaniqnes  n*ont  que  localement  et 
niement  mSme  d^rang^  le  sol,  k  traven  lequel  ils  se  sont  fait  jour.* 
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injected  whilst  liquefied  into  the  overlying  strata ;  and 
if  we  may  suppose  that  a  similar  body  of  rock  lies  in- 
jected, beneath  the  ridge  connecting  the  Bam  and  Flag- 
staff, the  structure  there  exhibited  would  be  explained. 
Turk's  Cap  and  Prosperous  Bays,  —  Prosperous 
Hill  is  a  great,  black,  precipitous  mountain,  situated 
two  miles  and  a  half  south  of  the  Bam,  and  composed, 
like  it,  of  basaltic  strata.  These  rest,  in  one  part,  on 
the  brown-coloured,  porphyritic  beds  of  the  basal  series, 
and  in  another  part,  on  a  fissured  mass  of  highly  scori- 
aceous  and  amygdaloidal  rock,  which  seems  to  have 
formed  a  small  point  of  eruption  beneath  the  sea,  con- 
temporaneously with  the  basal  series.  Prosperous  Hill, 
like  the  Barn,  is  traversed  by  many  dikes,  of  which  the 
greater  number  range  north  and  south,  and  its  strata 
dip,  at  an  angle  of  about  20^,  rather  obliquely  from  the 
island  towards  the  sea.  The  space  between  Prosperous 
Hill  and  the  Barn,  as  represented  in  this  woodcut,  con- 
sists of  lofty  cliffs,  composed  of  the  lavas  of  the  upper 


Proeperous  Hill.  The  Bam. 

The  donUe  lines  represent  the  basaltio  strata :  the  sinflrle.  the  basal  sabmarine  strata ' 

the  dotted,  the  npper  f  eidepathic  strata^ 

or  feldspathic  series,  which  rest,  though  unconform- 
ably,  on  tiie  basal  submarine  strata,  as  we  have  seen 
that  they  do  at  Flagstaff  Hill.  But  differently  from 
what  occurs  in  that  hill,  these  upper  strata  are  nearly 
horizontal,  gently  rising  towards  the  interior  of  the 
island  j  they  are  also  composed  of  greenish-black,  or 
more  commonly,  pale  brown,  compact  lavas,  instead  of 
softened  and  highly  coloured  matter.  These  brown- 
ooloured,  compact  lavas,  consist  almost  entirely  of  small 
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glimmering  scales,  or  of  minute  acicular  crystals,  of 
feldspar,  placed  close  by  the  side  of  each  other,  and 
abounding  with  minute  black  specks,  apparently  of 
hornblende.  The  basaltic  strata  of  Prosperous  Hill 
project  only  a  little  above  the  level  of  the  gently-sloping, 
feldspathic  streams,  which  wind  round ^and  abut  against 
their  upturned  edges.  The  inclination  of  the  basaltic 
strata  seems  to  be  too  great,  to  have  been  caused  by 
their  having  flowed  down  a  slope,  and  they  must  have 
been  tilted  into  their  present  position  before  the  erup- 
tion of  the  feldspathic  streams. 

Basaltic  ring, — Proceeding  round  the  island,  the 
lavas  of  the  upper  series,  southward  of  Prosperous  Hill, 
overhang  the  sea  in  lofty  precipices.  Further  on,  the 
headland,  called  Great  Stony-top,  is  composed,  as  I 
believe,  of  basalt;  as  is  Long  Range  Point,  on  the 
inland  side  of  which,  the  coloured  beds  abut.  On  the 
southern  side  of  the  island,  we  see  the  basaltic  strata  of 
the  South  Bam,  dipping  obliquely  seaward  at  a  con- 
siderable angle ;  this  headland,  also,  stands  a  little 
above  the  level  of  the  more  modem,  feldspathic  lavas. 
Further  on,  a  large  space  of  coast,  on  each  side  of  Sandy 
Bay,  has  been  much  denuded,  and  there  seems  to  be 
left  only  the  basal  wreck  of  the  great,  central  crater. 
The  basaltic  strata  reappear,  with  their  seaward  dip,  at 
the  foot  of  the  hill  called  Man-and -Horse;  and  thence 
they  are  continued  along  the  whole  north-western  coast 
to  Sugar-Iioaf  Hill,  situated  near  to  the  IllagstafiP;  and 
they  everywhere  have  the  same  seaward  inclination, 
and  rest,  in  some  parts  at  least,  on  the  lavas  of  the  basal 
series.  We  thus  see  that  the  circumference  of  the 
island  is  formed  by  a  much-broken  ring,  or  rather  a 
horse-shoe,  of  basalt,  open  to  the  south,  and  interrupted 
on  the  eastern  side  by  many  wide  breaches.  The 
breadth  of  this  marginal  fringe  on  the  north-western 
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Bide,  where  alone  it  is  at  all  perfect,  appears  to  vary 
from  a  mile  to  a  mile  and  a  half.  The  basaltic  strata, 
as  well  as  those  of  the  subjacent  basal  series,  dip,  with 
a  moderate  inclination,  where  they  have  not  been  sub- 
sequently disturbed,  towards  the  sea.  The  more  broken 
state  of  the  basajtic  ring  round  the  eastern  half,  com- 
pared with  the  western  half  of  the  island,  is  evidently 
due  to  the  much  greater  denuding  power  of  the  waves 
on  the  eastern  or  windward  side,  as  is  shown  by  the 
greater  height  of  the  cliffs  on  that  side,  than  to  leeward. 
Whether  the  margin  of  basalt  was  breached,  before  or 
after  the  eruption  of  the  lavas  of  the  upper  series,  is 
doubtful ;  but  as  separate  portions  of  the  basaltic  ring 
appear  to  have  been  tilted  before  that  event,  and  from 
other  reasons,  it  is  more  probable,  that  some  at  least  of 
the  breaches  were  first  formed.  Reconstructing  in 
imagination,  as  far  as  is  possible,  the  ring  of  basalt,  the 
internal  space  or  hollow,  which  has  since  been  filled  up 
with  the  matter  erupted  from  the  great  central  crater, 
appears  to  have  been  of  an  oval  figure,  eight  or  nine 
miles  in  length  by  about  four  miles  in  breadth,  and 
with  its  axis  directed  in  a  NE.  and  SW.  line,  coincident 
with  the  present  longest  axis  of  the  island. 

The  central  curved  ridge, — ^This  ridge  consists,  as 
before  remarked,  of  gray  feldspathic  lavas,  and  of  red, 
brecciated,  argillaceous  tuffs,  like  the  beds  of  the  upper 
coloured  series.  The  gray  lavas  contain  numerous, 
minute,  black,  easily  fusible  specks ;  and  but  very  few 
large  crystals  of  feldspar.  They  are  generally  much 
sofY^ened ;  with  the  exception  of  this  character,  and  of 
being  in  many  parts  highly  cellular,  they  are  quite 
similar  to  those  great  sheets  of  lava  which  overhang 
the  coast  at  Prosperous  Bay.  Considerable  intervals 
of  time  appear  to  have  elapsed,  judging  from  the 
marks  of  denudation,  between  the  formation  of  the 
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snccessive  beds,  of  which  this  ridge  is  composed.  On 
the  steep  northern  slope,  I  observed  in  several  sections 
a  mnch  worn  undulating  surface  of  red  tuff,  covered 
by  gray?  decomposed,  feldspathic  lavas,  with  only  a 
thin  earthy  layer  interposed  between  them.  In  an 
adjoining  part,  I  noticed  a  trap-dike,  four  feet  wide, 
cut  off  and  covered  up  by  the  feldspathic  lava,  as  is 
represented  in  the  woodcut.     The  ridge  ends  on  the 


No.  10. 


1 


Dike. 
1 — Gray  feldspathic  lava. 

8 — A  layer,  one  inch  in  thickness,  of  a  reddish  earthy  matter. 
S— Breociftted,  red,  argillaoeoos  tnff. 

# 

eastern  side  in  a  hook,  which  is  not  represented  clearly 
enough  in  any  map  which  I  have  seen;  towards  the 
westicrn  end,  it  gradually  slopes  down  and  divides  into 
several  subordinate  ridges.  The  best  defined  poHion 
between  Diana's  Peak  and  Nest  Lodge,  which  supports 
the  highest  pinnacles  in  the  island  varying  from  2,000 
to  2,700  feet,  is  rather  less  than  three  miles  long  in  a 
straight  line.  Throughout  this  space  the  ridge  has 
a  uniform  appearance  and  structure ;  its  curvature 
resembles  that  of  the  coast-line  of  a  great  bay,  being 
made  up  of  many  smaller  curves,  all  open  to  the  south. 
The  northern  and  outer  side  is  suppoited  by  narrow 
ridges  or  buttresses,  which  slope  down  to  the  adjoining 
country.  The  inside  is  much  steeper,  and  is  almost  pre- 
cipitous ;  it  is  formed  of  the  basset  edges  of  the  strata, 
which  gently  decline  outwards.  Along  some  parts  of 
the  inner  side,  a  little  way  beneath  the  summit,  a  flat 
ledge  extends,  which  imitates  in  outline  the  smaller 
curvatures  of  the  crest.      Ledges  of  this  kind  occur 
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not  unfreqnently  within  volcanic  craters,  and  their 
formation  seems  to  be  due  to  the  sinking  down  of  a 
level  sheet  of  hardened  lava,  the  edges  of  which  re- 
main (like  the  ice  round  a  pool,  from  which  the  water 
has  been  drained)  adhering  to  the  sides.  ^ 

Iq  some  parts,  the  ridge  is  surmounted  by  a  wall 
or  parapet,  perpendicular  on  both  sides.  Near  Diana's 
Peak  this  wall  is  extremely  narrow.  At  the  Galapagos 
Archipelago  I  observed  parapets,  having  a  quite  similar 
structure  and  appearance,  surmounting  several  of  the 
craters ;  one,  which  I  more  particularly  examined, 
was  composed  of  glossy,  red  scoriad  firmly  connected 
together ;  being  externally  perpendicular,  and  extend- 
ing round  nearly  the  whole  circumference  of  the  crater, 
it  rendered  it  almost  inaccessible.  The  Peak  of  Tene- 
riffe  and  Gotopaxi,  according  to  Humboldt,  are  similarly 
constructed ;  he  states  ^  that  *  at  their  summits  a  cir- 
cular wall  surrounds  the  crater,  which  wall,  at  a 
distance,  has  the  appearance  of  a  small  cylinder  placed 
on  a  truncated  cone.  On  Gotopaxi'  this  peculiar 
structure  is  visible  to  the  naked  eye  at  more  than 
2,000  toises'  distance ;  and  no  person  has  ever  reached 
its  crater.  On  the  Peak  of  Teneriffe,  the  parapet  is  so 
high,  that  it  would  be  impossible  to  reach  the  calderay 
if  on  the  eastern  side  there  did  not  exist  a  breach.' 
The  origin  of  these  circular  parapets  is  probably  due 
to  the  heat .  or  vapours  from  the  crater,  penetrating 
and  hardening  the  sides  to  a  nearly  equal  depth,  and 
afterwards  to  the  mountain  being  slowly  acted  on  by 
the  weather,   which  would  leave  the  hardened  part, 

*  A  most  remarkable  instance  of  this  Btmctnre  ia  described  in 
E1U8*8  *  Polynesian  licsearcbes*  (second  edit.),  where  an  admirable 
drawing  is  given  of  the  saccessive  ledges  or  terraces,  on  the  bordere 
of  the  immense  crater  at  Hawaii,  in  the  Sandwich  Islands. 

»  « Personal  Narrative/  vol.  i.  p.  171. 

*  Uumboldt's  'Pictnresqne  Atlas,*  folio,  pL  lOi 
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projecting  in    tihe    form    of   a    cylinder    or  circalar 
parapet. 

From  the  points  of  stractare  in  the  oentnJ  ridge, 
now  enumerated, — ^namely,  from  the  oonTorgence  to- 
waids  it  of  the  beds  of  the  upper  series, — ^from  the 
lavas  there  becoming  highly  cellular, — ^from  the  flat 
ledge,  extending  along  its  inner  and  precipitous  side, 
like  that  within  some  still  actiTe  craters, — from  the 
parap^r-like  wall  on  its  summit, — and  lasdy,  from  its 
peculiar  curvature,  unlike  that  of  any  common  line  of 
elevation,  I  cannot  doubt  that  this  curved  ridge 
{(»-m8  the  last  remnant  of  a  great  crater.  In  endeavour- 
ing<,  however,  to  trace  its  former  outline,  one  is  soon 
baffled ;  its  western  extremity  graduaUy  slopes  down, 
and,  branching  into  other  ridges,  extends  to  the  sea- 
coast  ;  the  eastern  end  is  more  curved,  but  it  is  only 
a  little  better  defined.  Some  appearances  lead  me  to 
suppose  that  the  southern  wall  of  the  crater  joined  the 
present  ridge  near  Nest  Lodge ;  in  this  case  the  crater 
must  have  been  nearly  three  miles  long,  and  about  a 
mile  and  a  half  in  breadth.  Had  the  denudation  of 
the  ridge  and  the  decomposition  of  its  constituent 
rocks  proceeded  a  few  steps  farther,  and  had  this  ridge, 
like  several  other  parts  of  the  island,  been  broken  up 
by  great  dikes  and  masses  of  injected  matter,  we  should 
in  vain  have  endeavoured  to  discover  its  true  nature. 
Even  now  we  have  seen  that  at  Flagstaff  Hill  the 
lower  extremity  and  most  distant  portion  of  one  sheet 
of  the  erupted  matter  has  been  upheaved  to  as  great  a 
height  as  the  crater  down  which  it  flowed,  and  pro- 
bably even  to  a  greater  height.  It  is  interesting  thus 
to  trace  the  steps  by  which  the  structure  of  a  volcanic 
district  becomes  obscured,  and  finally  obliterated:  so 
near  to  this  last  stage  is  St.  Helena,  Ihat  I  believe  no 
one  has  hitherto  suspected  that  the  central  ridge  or 
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axis  of  the  island,  is  the  last  wreck  of  the  crater, 
whence  the  most  modern  volcanic  streams  were  poured 
forth. 

The  great  hollow  space  or  valley  southward  of  the 
central  curved  ridge,  across  which  the  half  of  the  crater 
must  once  have  extended,  is  formed  of  bare,  water- 
worn  hillocks  and  ridges  of  red,  yellow,  and  brown 
rocks,  mingled  together  in  chaos-like  confusion,  inter- 
laced by  dikes,  and  without  any  regular  stratification. 
The  chief  part  consists  of  red  decomposing  scoriae 
associated  with  various  kinds  of  tuff  and  yellow  argil- 
laceous beds,  full  of  broken  crystals,  those  of  augite 
being  particularly  large.  Here  and  there  masses  of 
highly  cellular  and  amygdaloidal  lavas  protrude.  From 
one  of  the  ridges  in  the  midst  of  the  valley,  a  conical 
precipitous  hill,  called  Lot,  boldly  stands  up,  and  forms 
a  most  singular  and  conspicuous  object.  It  is  com- 
posed of  phonolite,  divided  in  one  part  into  great 
curved  laminaa,  in  another,  into  angular  concretionary 
balls,  and  in  a  third  part  intx)  outwardly  radiating 
columns.  At  its  base  the  strata  of  lava,  tuff,  and 
scoriae,  dip  away  on  all  sides :  ^  the  uncovered  portion 
is  197  *  feet  in  height,  and  its  horizontal  section  gives 
an  oval  figure.  The  phonolite  is  of  a  greenish-gray 
colour,  and  is  full  of  minute  aciculnr  crystals  of 
feldspar;  in  most  parts  it  has  a  oonchoidal  fracture, 
and  is  sonorous,  yet  it  is  crenulated  with  minute  air- 
csivities.  In  a  SW.  direction  from  Lot,  there  are 
some  other  remarkable  columnar  pinnacles,  but  of  a 

*  Abich,  in  his  'Vlewg  of  Vcsavias'  (plate  vi.),  has  shown  the 
manner  in  which  beds,  under  nearly  similar  circumstances,  are  tilted 
up.  The  upper  beds  are  more  turned  up  than  the  lower ;  and  he 
Mxx>unt8  for  this,  by  showing  that  the  lava  insinuates  itself  hori- 
sontally  between  the  lower  beds. 

*  This  height  is  given  by  Mr.  Seale,  in  his  Geognosy  of  the  island. 
The  height  of  the  summit  above  the  level  of  the  sea,  is  said  to  be 
l.i44  feet. 
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less  regular  shape,  namely,  Lot's  Wife,  and  the  Asses 
Ears,  composed  of  allied  kinds  of  rock.  From  their 
flattened  shape,  and  their  relative  position  to  each 
other,  they  are  evidently  connected  on  the  same  line  of 
fissure.  It  is,  moreover,  remarkable  that  this  same 
NE.  and  SW.  line,  joining  Lot  and  Lot's  Wife,  if 
prolonged,  would  intersect  Flagstaff  Hill,  which,  as 
before  stated,  is  crossed  by  numerous  dikes  running 
in  this  direction,  and  which  has  a  disturbed  structure, 
rendering  it  probable  that  a  great  body  of  once  fluid 
rock  lies  injected  beneath  it. 

In  this  same  great  valley  there  are  several  other 
conical  masses  of  injected  rock  (one,  I  observed,  was 
composed  of  compact  greenstone),  some  of  which  are 
not  connected,  as  far  as  is  apparent,  with  any  line  of 
dike;  whilst  others  are  obviously  thus  connected.  Of 
these  dikes,  three  or  four  great  lines  stretch  across  the 
valley  in  a  NE.  and  SW.  direction,  parallel  to  that 
one  connecting  the  Asses'  Ears,  Lot's  Wife,  and  pro- 
bably Lot.  The  number  of  these  masses  of  injected 
rock  is  a  remarkable  feature  in  the  geology  of  St. 
Helena.  Besides  those  just  mentioned,  and  the  hypo- 
thetical one  beneath  Flagstaff  Hill,  there  is  Little 
Stony<-top  and  others,  as.  I  have  reason  to  believe,  at 
the  ]^lan-and-Horse,  and  at  High  Hill.  Most  of  these 
masses,  if  not  all  of  them,  have  been  injected  subse- 
quently to  the  last  volcanic  eruptions  from  the  central 
crater.  The  formation  of  conical  bosses  of  rock  on 
lines  of  fissure,  the  walls  of  which  are  in  most  cases 
parallel,  may  probably  be  attributed  to  inequalities  in 
the  tension,  causing  small  transverse  fissures;  and  at 
these  points  of  intersection  the  edges  of  the  strata 
would  naturally  yield,  and  be  easily  turned  upwards. 
Finally,  I  may  remark,  that  hills  of  phonolite  every- 


98  5/.  Helena.  paet  i. 

where  are  apt  ^  to  assume  singular  and  even  grotesque 
shapes,  like  that  of  Lot :  the  peak  at  Fernando  Noronha 
offers  an  instance ;  at  St.  J  ago,  however,  the  cones 
of  phonolite,  though  tapering,  have  a  regular  form. 
Supposing,  as  seems  probable,  that  all  such  hillocks 
or  obelisks  have  originally  been  injected,  whilst 
liquefied,  into  a  mould  formed  by  yielding  strata,  as 
certainly  has  been  the  case  with  Lot,  how  are  we  to 
account  for  the  frequent  abruptness  and  singularity  of 
their  outlines,  compared  with  similarly  injected  masses 
of  greenstone  and  basalt?  Can  it  be  due  to  a  less 
perfect  degree  of  fluidity,  which  is  generally  supposed 
to  be  characteristic  of  the  allied  trachytic  lavas  ? 

Superficial  deposits,  —  Soft  calcareous  sandstone 
occurs  in  extensive,  though  thin,  superficial  beds,  both 
on  the  northern  and  southern  shores  of  the  island. 
It  consists  of  very  minute,  equal-sized,  rounded  particles 
of  shells,  and  other  organic  bodies,  which  partially 
retain  their  yellow,  brown,  and  pink  colours,  and  oc- 
casionally, though  very  rarely,  present  an  obscure  trace 
of  their  original  external  forms.  I  in  vain  endeavoured 
to  find  a  single  unrolled  fragment  of  a  shell.  The 
colour  of  the  particles  is  the  most  obvious  character 
by  which  their  origin  can  be  recognised,  the  tints 
being  affected  (and  an  odour  produced)  by  a  moderate 
heat,  in  the  same  manner  as  in  fresh  shells.  The  par- 
ticles are  cemented  together,  and  are  mingled  with 
some  earthy  matter :  the  purest  masses,  according  to 
Beatson,  contain  70  per  cent,  of  carbonate  of  lime. 
The  beds,  varying  in  thickness  from  two  or  three  feet 
to  fifteen  feet,  coat  the  surface  of  the  ground ;  they 
generally  lie  on  that  side  of  the  valley  which  is  pro- 
tected firom  the  wind,  and  they  occur  at  the  height 

>  D*Anbai8S0D,  in  hig  '  Traits  de  G^ognosie'  (torn.  iL  p.  6iOJ 
particolarlj  remarks  that  tUis  u  the  case. 
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of  several  hundred  feet  above  the  level  of  the  sea. 
Their  position  is  the  same,  which  sand,  if  now  drifted 
by  the  trade-wind,  would  occupy ;  and  no  doubt  they 
thus  originated,  which  explains  the  equal  size  and 
minuteness  of  the  particles,  and  likewise  the  entire 
absence  of  whole  shells,  or  even  of  moderately-sized 
fmgments.  It  is  remarkable  that  at  the  present  day 
there  are  no  shelly  beaches  on  any  part  of  the  coast, 
whence  calcareous  dust  could  be  drifted  and  winnowed ; 
we  must,  therefore,  look  back  to  a  former  period  when 
before  the  land  was  worn  into  the  present  great 
precipices,  a  shelving  coast,  like  that  of  Ascension, 
was  favourable  to  the  accumulation  of  shelly  detritus. 
Some  of  the  beds  of  this  limestone  are  between  600 
and  700  feet  above  the  sea;  but  part  of  this  height 
may  possibly  be  due  to  an  elevation  of  the  land^  sub- 
sequent to  the  accumulation  of  the  calcareous  sand. 

The  percolation  of  rain-water  has  consolidated  parts 
of  these  beds  into  a  solid  rock,  and  has  formed  masses 
of  dark  brown,  stalagmitic  limestone.  At  the  Sugar- 
Loaf  quarry,  fragments  of  rock  on  the  adjoining  slopes,* 
have  been  thickly  coated  by  successive  fine  layers  of 
calcareous  matter.  It  is  singular,  that  many  of  these 
pebbles  have  their  entire  surfaces  coated,  without  any 
point  of  cpntact  having  been  left  uncovered ;  hence, 
these  pebbles  must  have  been  lifted  up  by  the  slow 
deposition  between  them  of  the  successive  films  of  car- 
bonate of  lime.  Masses  of  white,  finely  oolitic  rock  are 
attached  to  the  outside  of  some  of  these  coated  pebbles. 


*  In  the  earthy  detritus  on  several  parts  of  this  hill,  irregalar 
masses  of  very  impure,  crystallised  sulphate  of  lime  occur  As  this 
substance  is  now  being  abundantly  deposited  by  the  surf  at  Ascen- 
sion, it  is  possible  that  these  masses  may  thus  have  originated ;  but 
if  so,  it  must  have  been  at  a  period  when  the  land  stood  at  a  much 
lower  level.  This  earthy  selenite  is  now  found  at  a  height  of 
between  600  and  700  feet. 
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Von  Buch  has  described  a  compact  limestone  at 
Lanzarote,  which  seems  perfectly  to  resemble  the  sta- 
lagmitic  deposition  just  mentioned  :  it  coats  pebbles, 
and  in  parts  is  finely  oolitic :  it  forms  a  far-extended 
layer,  from  one  inch  to  two  or  three  feet  in  thickness, 
en  I  it  occurs  at  the  height  of  800  feet  above  the  sea, 
but  only  on  that  side  of  the  island  exposed  to  the  violent 
north-western  winds.  Von  Buch  remarks,^  that  it  is 
not  found  in  hollows,  but  -only  on  the  unbroken  and 
inclined  surfaces  of  the  mountain.  He  believes,  that 
it  has  been  deposited  by  the  spray  which  is  borne  over 
the  whole  island  by  these  violent  winds.  It  appears, 
however,  to  me  much  more  probable  that  it  has  been 
formed,  as  at  St.  Helena,  by  the  percolation  of  water 
through  finely  comminuted  shells:  for  when  sand  is 
blown  on  a  much  exposed  coast,  it  always  tends  to  accu- 
mulate on  broad,  even  surfaces,  which  offer  a  uniform 
resistance  to  the  winds.  At  the  neighbouring  island, 
moreover,  of  Fuerteventura,*  there  is  an  earthy  lime- 
stone, which,  according  to  Von  Buch,  is  .quite  similar 
to  specimens  which  he  has  seen  from  St.  Helena,  and 
which  he  believes  to  have  been  formed  by  the  drifting 
of  shelly  detritus. 

The  upper  beds  of  the  limestone,  at  the  above- 
mentioned  quarry  on  the  Sugar-Loaf  Hill^  are  softer, 
finer-grained  and  less  pure,  than  the  lower  beds.  They 
abound  with  fragments  of  land-shells,  and  with  some 
perfect  ones ;  they  contain,  also,  the  bones  of  birds,  and 
the  large  eggs,*  apparently  of  water-fowl.  It  is  pro- 
bable that  these  upper  beds  remained  long  in  an  nncon* 

>  *  Description  des  Isles  Canaries/  p.  293. 

*  Idem,  pp.  314  and  374. 

'  Colonel  Wilkes,  in  a  catalogue  presented  with  some  specimens 
to  the  Geological  Society,  states  that  as  manjas  ten  eggs  were  found 
by  one  person.  Dr.  Backland  has  remarked  ('  Geolog.  Tians.'  voL  v. 
p.  474)  on  these  eggs. 
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eolidated  form,  dnrmg  which  time,  these  terrestrial 
productions  were  embedded.  Mr.  G.  R.  Sowerby  has 
kindly  examined  three  species  of  land-shells,  which  I 
procured  from  this  bed,  and  his  descriptions  are  ^iven 
in  the  Appendix.  One  of  them  is  a  Saccinea,  identical 
with  a  species  now  living  abundantly  on  the  island : 
the  two  others,  namely,  Cochlogerui  fossilis  and  Helix 
biplicaia^  are  not  known  in  a  recent  state :  the  latter 
species  was  also  found  in  another  and  different  locality, 
associated  with  a  species  of  Cochlogena  which  is  un- 
doubtedly extinct. 

Bed8  of  extinct  land'sftells. — Land-shells,  all  of 
which  appear  to  be  species  now  extinct,  occur  embedded 
in  earth,  in  several  parts  of  the  island.  The  greater 
number  have  been  found  at  a  considerable  height  on 
Kagstaff  HiU.  On  the  NW.  side  of  this  hUl,  a  rain- 
channel  exposes  a  section  of  about  twenty  feet  in  thick- 
ness, of  which  the  upper  part  consists  of  black  vegetable 
mould,  evidently  washed  down  from  the  heights  above, 
and  the  lower  part  of  less  black  earth,  abounding  with 
young  and  old  shells,  and  with  their  fragments :  part 
of  this  earth  is  slightly  consolidated  by  calcareous 
matter,  apparently  due  to  the  partial  decomposition  of 
some  of  the  shells.  Mr.  Seale,  an  intelligent  resident, 
who  first  called  attention  to  these  shells,  gave  me  a 
large  collection  from  another  locality,  where  the  shells 
appear  to  have  been  embedded  in  very  black  earth. 
Mr.  G.  R.  Sowerby  has  examined  these  shells,  and  has 
described  them  in  the  Appendix.  There  are  seven 
species,  namely,  one  Cochlogena,  two  species  of  the 
genus  Gochlicopa,  and  four  of  Helix  :  none  of  these  are 
known  in  a  recent  state,  or  have  been  found  in  any 
other  country.  The  smaller  species  were  picked  out  of 
the  inside  of  the  large  shells  of  the  Cochlogena  aivris^ 
mtlpifi-a.      This   last-mentioned    species    is    in    many 
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respects  a  very  singular  one ;  it  was  classed,  even  by 
Lamarck,  in  a  marine  genus,  and  having  thus  been 
mistaken  for  a  sea-shell,  and  the  smaller  accompanying 
species  having  been  overlooked,  the  exact  localities 
where  it  was  found  have  been  measured,  and  the  eleva- 
tion of  this  island  thus  deduced !  It  is  very  remarkable 
that  all  the  shells  of  this  species  found  by  me  in  one 
spot,  form  a  distinct  variety,  as  described  by  Mr. 
Sowerby,  from  those  procured  from  another  locality  by 
Mr.  Seale.  As  this  Cochlogena  is  a  large  and  con- 
spicuous shell,  I'  particularly  enquired  from  several 
intelligent  countrymen  whether  they  had  ever  seen  it 
alive  ;  they  all  assured  me  that  they  had  not,  and  they 
would  not  even  believe  that  it  was  a  land  animal :  Mr. 
Seale,  moreover,  who  was  a  collector  of  shells  all  his 
life  at  St.  Helena,  never  met  with  it  alive.  Possibly 
some  of  the  smaller  species  may  turn  out  to  be  yet 
living  kinds ;  but,  on  the  other  hand,  the  two  land-shells 
which  are  now  living  on  the  island  in  great  numbers, 
do  not  occur  embedded,  as  far  as  it  is  yet  known,  with 
the  extinct  species.  I  have  shown  in  my  Journal,*  that 
the  extinction  of  these  land-shells  possibly  may  not  be 
an  ancient  event ;  as  a  great  change  took  place  in  the 
state  of  the  island  about  120  years  ago,  when  the  old 
trees  died,  and  were  not  replaced  by  young  ones,  these 
being  destroyed  by  the  goats  and  hogs,  which  had  run 
wild  in  numbers,  from  the  year  1502.  Mr.  Seale  states, 
that  on  Flagstaff  Hill,  where  we  have  seen  that  the 
embedded  land-shells  are  especially  numerous,  traces 
are  everywhere  discoverable,  which  plainly  indicate 
that  it  was  once  thickly  clothed  with  trees ;  at  present 
not  even  a  bush  grows  there.  The  thick  bed  of  black 
vegetable  mould  which   covers  the  shell-bed,  on  the 

>  *  Jonrnal  of  Researches/  1846,  p.  489, 
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flanks  of  this  hill,  was  probably  washed  down  fi*om  the 
npper  parfc,  as  soon  as  the  trees  perished,  and  the  shelter 
afforded  by  them  was  lost. 

Elevation  of  ike  land. — Seeing  that  the  lavas  of 
the  basal  series,  which  are  of  submarine  origin,  are 
raised  above  the  level  of  the  sea,  and  at  some  places  to 
the  height  of  many  hundred  feet,  I  looked  ont  for 
snperficial  signs  of  the  elevation  of  the  land.  The 
bottoms  of  some  of  the  gorges,  which  descend  to  the 
coast,  are  filled  up  to  the  depth  of  abont  a  hondred 
feet,  by  mdely  divided  layers  of  sand,  mnddy  clay,  and 
fragmentary  masses ;  in  these  beds,  Mr.  Seale  has  found 
the  bones  of  the  tropio-bird  and  of  the  albatrora;  the 
former  now  rarely,  and  the  latter  never  visiting  the 
island.  From  the  difference  between  these  layers,  and 
the  sloping  piles  of  detritus  which  rest  on  them,  I 
saspect  that  they  were  deposited,  when  the  gorges  stood 
beneath  the  sea.  Mr.  Seale^  moreover,  has  shown  that 
some  of  the  fissure-like  gorges,*  become,  with  a  concave 
outline,  gradually  rather  wider  at  the  bottom  than  at 
the  top;  and  this  peculiar  structure  was  probably 
caused  by  the  wearing  action  of  the  sea,  when  it  entered 
the  lower  part  of  these  gorges.  At  greater  heights, 
the  evidence  of  the  rise  of  the  land  is  even  less  dear : 
nevertheless,  in  a  bay-like  depression  on  the  table-land 
behind  Prosperous  Bay,  at  the  height  of  about  1,000 
feet,  there  are  flat-topped  masses  of  rock,  which  it  is 
Bcaroely  conceivable,  could  have  been  insulated  from 
the  surrounding  and  similar  strata,  by  any  other  agency 
than  the  denuding  action  of  a  sea-beach.  Much  denu- 
dation, indeed,  has  been  effected  at  great  elevations, 
which  it  would  not  be  easy  to  explain  by  any  other 
means:   thus,   the  flat  summit  of  the  Bam,  which  is 

A  fiasnre-like  porpe,  near  Btonr-top,  is  said  bj  Mr.  Seale  to  be 
840  feet  deep,  and  ou]v  115  feet  iu  widtiu 
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2,000  feet  high,  presents,  according  to  Mr.  Scale,  a 
perfect  network  of  truncated  dikes ;  on  hills  like  the 
Flagstaff,  formed  of  soft  rock,  we  might  suppose  that 
the  dikes  had  been  worn  down  and  cut  off  by  meteoric 
agency,  but  we  can  hardly  suppose  this  possible  with 
the  hard,  basaltic  strata  of  the  Barn. 

Goad  denudation, — ^The  enormous  cliffs,  in  many 
parts  between  1,000  and  2,000  feet  in  height,  with 
which  this  prison-like  island  is  surrounded,  with  the 
exception  of  only  a  few  places,  where  narrow  valleys 
descend  to  the  coast,  is  the  most  striking  feature  in  its 
scenery.  We  have  seen  that  portions  of  the  basaltic 
ring,  two  or  three  miles  in  length  by  one  or  two  miles 
in  breadth,  and  from  one  to  two  thousand  feet  in  height, 
have  been  wholly  removed.  There  are,  also,  ledges  and 
banks  of  rock,  rising  out  of  profoundly  deep  water,  and 
distant  from  the  present  coast  between  three  and  four 
miles,  which,  according  to  Mr.  Scale,  can  be  traced  to 
the  shore,  and  are  found  to  be  the  continuations  of 
certain  well-known  great  dikes.  The  swell  of  the 
Atlantic  Ocean  has  obviously  been  the  active  power  in 
forming  these  cliffs;  and  it  is  interesting  to  observe 
that  the  lesser,  though  still  great,  height  of  the  cliffs 
on  the  leeward  and  partially  protected  side  of  the 
island,  (extending  from  the  Sugar-Loaf  Hill  to  South 
West  Point,)  corresponds  with  the  lesser  degree  of 
exposure.  When  reflecting  on  the  comparatively  low 
coasts  of  many  volcanic  islands,  which  also  stand  ex- 
posed in  the  open  ocean,  and  are  apparently  of  consider- 
able antiquity,  the  mind  recoils  from  an  attempt  to 
grasp  the  number  of  centuries  of  exposure,  necessary  to 
have  ground  into  mud  and  to  have  dispersed  the  enor- 
mous cubic  mass  of  hard  rock  which  has  been  pared  off 
the  circumference  of  this  island.  The  contrast  in  the 
superficial  state  of   St.   Helena,   compared   with   the 
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nearest  island,  namely,  Ascension,  is  very  striking.  At 
Ascension,  the  surfaces  of  the  lava-streams  are  glossy,  as 
if  just  poured  forth,  their  boundaries  are  well  defined, 
and  they  can  often  be  traced  to  perfect  craters,  whence 
they  were  erupted ;  in  the  course  of  many  long  walks, 
I  did  not  observe  a  single  dike ;  and  the  coast  round 
nearly  the  entire  circumference  is  low,  and  has  been 
eaten  back  (though  too  much  stress  must  not  be  placed 
on  this  &ct,  as  the  island  may  have  been  subsiding) 
into  a  little  wall  only  from  ten  to  thirty  feet  high.  Yet 
during  the  340  years,  since  Ascension  has  been  known, 
not  even  the  feeblest  signs  of  volcanic  action  have  been 
recorded.^  On  the  other  hand,  at  St.  Helena,  the  course 
of  no  one  stream  of  lava  can  be  traced,  either  by  the 
state  of  its  boundaries  or  of  its  superficies ;  the  mere 
wreck  of  one  great  crater  is  left ;  not  the  valleys  only, 
but  the  surface  of  some  of  the  highest  hills,  are  inter- 
laced by  worn-down  dikes,  and,  in  many  places,  the 
denuded  summits  of  great  cones  of  injected  rock  stand 
exposed  and  naked ;  lastly,  as  we  have  seen,  the  entire 
circuit  of  the  island  has  been  deeply  worn  back  into  the 
grandest  precipices. 

Craiers  of  Elevation. 

There  is  much  resemblance  in  structure  and  in 
geological  history  between  St.  Helena,  St.  Jago,  and 
Mauritius.     All  three  islands  are  bounded  (at  least  in 

'  In  the'Naatical  Magazine' for  1835,  p.  642,  and  for  1838,  p. 
361,  and  in  the  *  Comptes  Rendus,'  April,  1838,  accounts  are  given  of 
a  series  of  yolcanic  phenomena — earthquakes — troubled  water — 
floating  scoriae  and  columns  of  smoke — which  have  been  observed  at 
intervals  since  the  middle  of  the  last  century,  in  a  space  of  open  sea 
between  longitudes  20^  and  22^  west,  about  half  a  degree  south  of 
the  equator.  These  facts  seem  to  show,  that  an  island  or  an  archi- 
pelago is  in  process  of  formation  in  the  middle  of  the  Atlantic :  a 
line  joining  St.  Helena  and  Ascension,  prolonged,  intersects  this 
ilowlj  nascent  focus  of  volcanic  action. 
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the  parts  which  I  was  able  to  examine)  by  a  ring  of 
basaltic  moantains,  now  much  broken,  but  evidently 
once  continuous.  These  mountains  have,  or  apparently 
once  had,  their  escarpements  steep  towards  the  interior 
of  the  island,  and  their  strata  dip  outwards.  I  was 
able  to  ascertain,  only  in  a  few  cases,  the  inclination  of 
the  beds ;  nor  was  this  easy,  for  the  stratification  was 
generally  obscure,  except  when  viewed  from  a  distance. 
I  feel,  however,  little  doubt  that,  according  to  the  re- 
searches of  M.  Elie  de  Beaumont,  their  average  in- 
clination is  greater  than  that  which  they  could  have 
acquired,  considering  their  thickness  and  compactness, 
by  flowing  down  a  sloping  surface.  At  St.  Helena, 
and  at  St.  Jago,  the  basaltic  strata  rest  on  older  and 
probably  submarine  beds  of  different  composition.  At 
all  three  islands,  deluges  of  more  recent  lavas  have 
flowed  from  the  centre  of  the  island,  towards  and  be- 
tween the  basaltic  mountains ;  and  at  St.  Helena  the 
central  platform  has  been  filled  up  by  them.  All 
three  islands  have  been  raised  in  mass.  At  Mauritius 
the  sea,  within  a  late  geological  period,  must  have 
reached  to  the  foot  of  the  basaltic  mountains,  as  it  now 
does  at  St.  Helena ;  and  at  St.  Jago  it  is  cutting  back 
the  intermediate  plain  towards  them.  In  these  three 
islands,  but  especially  at  St.  Jago  and  at  Mauritius, 
when,  standing  on  the  summit  of  one  of  the  old  basaltic 
mountains,  one  looks  in  vain  towards  the  centre  of  the 
island, — the  point  towards  which  the  strata  beneath 
one's  feet,  and  of  the  mountains  on  each  side,  rudely 
converge, — for  a  source  whence  these  strata  could  have 
been  erupted ;  but  one  sees  only  a  vast  hollow  platform 
stretched  beneath,  or  piles  of  matter  of  more  recent 
origin. 

These  basaltic  mountains  come,  I  presume,  into 
the  class  of  Craters  of  elevation:    it  is  immaterial 
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whether  the  rings  were  ever  completely  formed,  for  the 
portions  which  now  exist  have  so  uniform  a  stmctnre, 
that,  if  they  do  not  form  fragments  of  troe  craters, 
they  cannot  be  classed  with  ordinary  lines  of  elevation. 
With  respect  to  their  origin,  after  having  read  the 
works  of  Mr.  Lyell,*  and  of  MM.  C.  Prevost  and  Virlet, 
I  cannot  believe  that  the  great  central  hollows  have 
been  formed  by  a  simple  dome-shaped  elevation,  and 
the  consequent  arching  of  the  strata.     On  the  other 
hand,  I  have  very  great  difficnlty  in  admitting  that 
these  basaltic  mountains  are  merely  the  basal  fragments 
tR  great  volcanos,  of  whidi  the  summits  have  either 
been  blown  off,  or  more  probably  swallowed  up  by 
subsidence.      These  rings  are,  in  some  instances,  so 
immense,  as  at  St.  Jago  and  at  Mauriiins,  and  their 
occurrence  is  so  frequent,  that  I  can  hardly  persuade 
myself  to  adopt  this  explanation.     Moreover,  I  suspect 
that  the  following  circumstances,  from  their  frequent 
ooncurrenoe,  are  someway  connected  together, — a  con- 
nection not  implied   in  either  of  the  above  views: 
namely,  first,  the  broken  state  of  the  ring,  showing 
that  the  now  detached  portions  have  been  exposed  to 
great  denudation,  and  in  some  cases,  perhaps,  rendering 
it  probable  that  the  ring  never  was  entire;  secondly, 
the  great  amount  of  matter  erupted  from  the  central 
area  after  or  during  the  formation  of  the  ring;   and 
thirdly,  the  elevation  of  the  district  in  mass.     As  far 
as  relates  to  the  inclination  of  the  strata  being  greater 
than  that  which  the  basal  fragments  of  ordinary  vol- 
canos would  naturally  possess^  I  can  readily  believe 
that  this  inclination  might  have  been  slowly  acquired 
by  that  amount  of  elevation,  of  which,  according  to 
M.  Elie  de  Beaumont,  the  numerous  npfiUed  fissures  or 

■  'Frinciplei  of  Geology'  (fiftih  edit),  voL  iL  p.  17L 
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dikes  are  the  evidence  and  the  meosare, — a  vie^ 
equally  novel  and  important,  which  we  owe  to  the  re- 
searches of  that  geologist  on  Mount  Etna. 

A  conjecture,  including  the  above  circumstances, 
occurred  to  me,  when, — with  my  mind  fully  convinced, 
from  the  phenomena  of  1835  in  South  America,*  that 
the  forces  which  eject  matter  from  volcanic  orifices  and 
raise  continents  in  mass  are  identical, — I  viewed  that 
part  of  the  coast  of  St.  Jago,  where  the  horizontally 
upraised,  calcareous  stratum  dips  into  the  sea,  directly 
beneath  a  cone  of  subsequently  erupted  lava.  The 
conjecture  is  that,  during  the  slow  elevation  of  a  vol- 
canic district  or  island,  in  the  centre  of  which  one  or 
more  orifices  continue  open,  and  thas  relieve  the  sub- 
terranean forces,  the  borders  are  elevated  more  than 
the  central  area ;  and  that  the  portions  thns  upraised 
do  not  slope  gently  into  the  central,  less  elevated  area, 
as  does  the  calcareous  stratum  under  the  cone  at  St. 
Jago,  and  as  does  a  large  part  of  the  circumference  of 
Iceland,^  but  that  they  are  separated  from  it  by  curved 

*  I  have  giyen  a  detailed  acconnt  of  these  phenomena,  in  a  paper 
read  before  the  Geological  Society  in  March,  1838.  At  the  instant 
of  time,  when  an  immense  area  was  convulsed  and  a  large  tract 
elevated,  the  districts  immediately  surrounding  several  of  ttie  great 
vents  in  the  Cordillera  remained  quiescent ;  the  subterranean  forces 
being  apparently  relieved  by  the  eruptions,  which  then  recommenced 
with  great  violence.  An  event  of  somewhat  the  same  kind,  but  on 
an  infinitely  smaller  scale,  appears  to  have  taken  place,  according 
to  Abich  (*  Views  of  Vesuvius,'  plates  i.  and  iz.)*  within  the  great 
crater  of  Vesuvius,  where  a  platform  on  one  side  of  a  fissure  was 
raised  in  mass  twenty  feet,  whilst  on  the  other  side, a  train  of  small 
volcanos  burst  forth  in  eruption. 

*  It  appears,  from  information  communicated  to  me  in  the  most 
obliging  manner  by  M.  E.  Kol)ert,  that  the  circumferential  p^irts  of 
Iceland,  which  are  composed  of  ancient  basaltic  s  rata  alternating 
with  tuff,  dip  inland,  thus  forming  a  gigantic  saucer.  M.  Robert 
found  that  this  was  the  case,  with  a  few  and  quite  local  exceptions, 
for  a  space  of  coast  several  hundred  miles  in  length.  I  find  this 
statement  corroborated,  as  far  as  regards  one  place,  by  Mackenzie, 
In  his  'Travels '  (p.  377),  and  in  another  place  by  some  MS.  notes 
kindly  lent  me  by  Dr.  Holland.  The  coast  is  deeply  indented  by 
creeks,  at  the  head  of  which  the  land  is  generally  low.    M.  Robert 
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faults.  We  might  expect,  from  what  we  see  along 
ordinary  faults,  that  the  strata  on  the  upraised  side, 
already  dipping  outwards  from  their  original  formation 
as  lava-streams,  would  be  tilted  from  the  line  of  fault, 
and  thus  have  their  inclination  increased.  According 
to  this  hypothesis,  which  I  am  tempted  to  extend  only 
to  some  few  cases,  it-  is  not  probable  that  the  ring 
would  ever  be  formed  quite  perfect;  and  from  the 
elevation  being  slow,  the  upraised  portions  would 
generally  be  exposed  to  much  denudation,  and  hence 
the  ring  become  broken  ;  we  might  also  expect  to  find 
occasional  inequalities  in  the  dip  of  the  upraised 
masses,  as  is  the  case  at  St.  Jago.  By  this  hypothesis 
the  elevation  of  the  districts  in  mass,  and  the  flowing 
of  deluges  of  lava  from  the  central  platforms,  are  like- 
wise connected  together.  On  this  view  the  marginal 
basaltic  mountains  of  the  three  foregoing  islands  might 
still  be  considered  as  forming  *  Craters  of  elevation ;  * 
the  kind  of  elevation  implied  having  been  slow,  and 
the  central  hollow  or  platform  having  been  formed,  not 
by  the  arching  of  the  surface,  but  simply  by  that  part 
having  been  upraised  to  a  less  height. 

informs  me*  that  the  inwardly  dipping  strata  appear  to  extend  as 
far  as  this  line,  and  that  their  inclination  usually  corresponds  with 
the  slope  of  the  surface,  from  the  high  coast-mountains  to  the  low 
land  at  the  head  of  these  creeks.  In  the  section  described  by  Sir 
O.  Mackenzie,  the  dip  is  12^.  The  interior  parts  of  the  island  chiefly 
consist,  as  far  as  is  known,  of  recently  erupted  matter.  The  great 
size,  however,  of  Iceland,  equalling  the  bulkiest  part  of  England, 
ought  perhaps  to  exclude  it  from  the  class  of  islands  we  have  boen 
consir'ering ;  but  I  cannot  avoid  suspecting  that  if  the  coast-moun- 
tains, inst-ead  of  gently  sloping  into  the  less  elevated  central  area, 
had  been  separated  from  it  by  irregularly  curved  faults,  the  strata 
would  have  been  tilted  seaward,  and  a  'Crater  of  elevation,'  like 
that  of  St.  Jago  or  that  of  Mauritius,  but  of  much  vaster  dimensions, 
would  liave  been  formed.  I  will  only  further  remark,  that  the 
frequent  occurrence  of  extensive  lakes  at  the  foot  of  large  Yolcanos, 
and  the  frequent  association  of  volcanic  and  fresh- water  strata, 
seem  to  indicate  that  the  areas  around  volcanos  are  apt  to  be 
depressed  beneath  the  general  level  of  the  adjoining  country,  eithei 
from  having  been  less  elevated,  or  from  the  etTects  of  subsidence. 
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C3HAPTER  V. 

GALAPAGOS  ARCHIPELAGO. 

Chailui'm  Island — Oratfrs  eompoted  qf  a  peculiar  kind  qf  tuff— Small 
hataUio  craten,with  hollows  at  their  bases — A  Ihemarle  Islandyfluid 
lacaSt  their  eomposition — Craters  of  tuff^  inclination  of  their  eX' 
terior  diverging  stratay  and  structure  of  thtir  interior  converging 
strata — James  Island,  segment  of  a  small  basaltic  crater  ;  fuidity 
and  eomposition  t*f  its  lata  streams^  and  of  its  ejected  fragments — 
Omeluding  remarks  on  the  eraters  of  tuffy  and  on  the  breached  con* 
dition  of  their  soutfiem  tides— Mineralogical  eompontion  of  the 
rocks  of  the  archipelago — Elevation  of  the  land — Direction  of  the 
fssures  of  eruption. 

This  archipelago  is  sitnated  nndar  the  Equator,  at  a 
distance  of  between  five  and  six  hundred  miles  from 
the  west  coast  of  South  America.  It  consists  of  five 
principal  islands,  and  of  several  small  ones,  which 
together  are  equal  in  area,^  but  not  in  extent  of  land, 
to  Sicily,  conjointly  with  the  Ionian  Islands.  They  are 
all  volcanic:  on  two,  craters  have  been  seen  in  erup- 
tion, and  on  several  of  the  other  islands,  streams  of 
lava  have  a  recent  appearance.  The  larger  islands  are 
chiefly  composed  of  solid  rock,  and  they  rise  with  a 
tame  outline  to  a  height  of  between  one  and  four 
thousand  feet.  They  are  sometimes,  bat  not  generally, 
surmounted  by  one  principal  orifice.     The  craters  vary 

*  I  ezelade  from  this  measurement,  the  small  volcanio  islands 
of  Culpepper  and  Wenman,  lying  seventy  miles  northward  of  the 
gronp.  Craters  were  visible  on  all  the  islands  of  the  group,  except 
on  Towers  Island,  which  is  one  of  the  lowest ;  this  island  is,  however, 
formed  of  volcanic  rocks. 
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in  EOB  from  mere  spindes  to  huge  caldrons  several 
miles  in  dxxsmiferenoe ;  they  ara  extraonlinarily 
namerons,  so  tiiat  I  should  think,  if  enumerated,  they 
would  be  fcnnd  to  exceed  two  thonsand;  they  9t» 
formed  either  crf'socnis  and  laym^or  of  a  brown  cok>ared 
toff;  and  these  latter  cratecs  are  in  several  respects 

No.lL 


Charlegl. 


remaricaUe.  The  whole  group  was  surveyed  by  the 
afficera  of  tiie  Beagle.  I  visited  myself  fonr  of  the 
principal  islands,  and  received  specimens  from  all  the 
others.  Under  the  head  of  the  difierent  islands  I  will 
describe  only  that  which  i^^iears  to  me  deserving  of 
tttfcention. 

Chatbah  Island.      Craters  composed  of  a  singvlar 
Urid  of  iftff. — ^Towards  the  eastern  end  of  this  island 
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there  occur  two  craters  composed  of  two  kinds  of  tuff; 
one  kind  being  friable,  like  slightly  consolidat^ed  ashes ; 
and  the  other  compact,  and  of  a  different  nature  from 
anything   which   I   have   met   with   described.      This 
latter  substance,  where  it  is  best  characterised,  is  of  a 
yellowish-brown  colour,  translucent,  and  with  a  lustre 
somewhat    resembling   resin ;    it   is   brittle,   with   aa 
angular,  rough,  and  very  irregular  fracture,  sometimes, 
however,  being  slightly  granular,  and  even  obscurely 
crystalline:   it  can  readily  be  scratched  with  a  knife, 
yet  some  points  are  hard  enough  just  to  mark  commoa 
glass ;    it  fuses  with  ease  into  a  blackish-green  glass. 
The  mass  contains  numerous  broken  crystals  of  olivine 
and  augite,  and   small   particles  of  black  and  brown 
scoriae :  it  is  often  traversed  by  thin  seams  of  calcareous 
matter.     It  generally  affects  a  nodular  or  concretionary 
structure.     In  a  hand  specimen  this  substance  would 
certainly  be  mistaken  for  a  pale  and  peculiar  variety  of 
pitchstone;    but  when  seen  in  mass  its  stratification, 
and  the  numerous  layers  of  fragments  of  basalt,  both 
angular  and  rounded,  at  once  render  its  subaqueous 
origin  evident.     An  examination  of  a  series  of  speci- 
mens shows  that  this  resin-like  subst.ance  results  from  a 
chemical  change  on  small  particles  of  pale  and  dark- 
coloured  scoriaceous  rocks;  and  this  change  could  be 
distinctly  traced  in  different  stages  round  the  edges  of 
even  the  same  particle.     The  position  near  the  coast 
of  all  the  craters  composed  of  this   kind   of  tuff  or 
peperino,   and    their    breached   condition,   renders    it 
probable  that  they  were  all  formed  when  standing  im- 
mersed   in    the   sea;    considering   this    circumstance, 
together  with  the  remarkable  absence  of  large  beds  of 
ashes   in   the   whole   archipelago,    I   think    it    highly 
probable  that  much  the  greater  part  of  the  tuff  has 
originated  from   the   trituration   of  fragments   of  the 
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gmv.  liBfBaltic  lax^uB  in  the  xnoQtbfi  of  craters  standing  in 
the  sea.  It  mav  be  aeked  whether  the  iieat^ed  water 
within  these  craters  has  prodaced  this  sin^^ular  dianu^ 
in  the  small  eccoiaoeons  particies.  and  given  to  them 
their  translncent,  resin-like  fracture?  Or  has  the 
■asodated  lime  played  any  part  in  this  chan^  ?  I  ask 
these  questions  from  having  found  at  St.  Jago,  in  the 
Cape  de  Verde  Islands,  that  where  a  great  stream  of 
molten  lava  has  flowed  over  a  ccJcareons  bottom  into 
the  Bea«  the  ontermost  filnu  which  in  other  parts  to- 
eembles  pitchstone.  is  cfaangred.  apparently  by  its 
contact  with  the  carbonate  of  lime,  into  a  resin-like 
substance,  precisely  like  the  best  characterised  speci- 
mens of  the  tufr  frx)m  this  archipelago.' 

To  petnm  to  the  two  craters :  one  of  them  stands  at 
the  distance  of  a  leagrne  from  the  coast,  the  inter\'ening 
tract  consisting  of  a  calcareous  tufi,  apparently  of  sub- 
marine oriorui.  This  crater  consist-s  of  a  circle  of  hills, 
some  of  which  stand  quite  detached,  but  all  have  a  very 
regular,  qnar-qua  versal  dip,  at  an  inclination  of  between 
thimr  and  fortv  decrrees.  The  lower  bed.'-,  to  the  thick— 
nesfc-  of  several  hundred  feet,  consist  of  the  resin-like 
Btflne.  with  embedded  fragmentf^  of  lava.  The  up}jer 
beds,  which  are  between  thirtr  and  fortv  ft^et  in  thick- 
nesfe.  are  composed  of  a  thinly  stratilied.  fine-grained, 
harsh,  friable,  bro¥Pn-oolonied  tuff,  or  peperino.*  A 
central   mass  without   any   stratification^  which   must 


'  The  cxmcretionF  ooutaiuin;:  lime,  which  I   have  deeeribed   at 

A»<ceii«»oii,  »>  formed  11  a  ueJ  i»i  a^he^.  preMJUt  some  degree  of  n- 
hem bmnce  to  tbi*:  Kubstaoce.  out  ttiey  have  uot  a  resiiiuut>  fracture 
At  M.  Ueieiia,ah(-i.  I  iuaud  veiuis  of  ai>CMDewhatsiuiUar,cuiupact.  hat 
uou-resmuii^sabsLaoce,  occurriutriu  a  he-  of  paIXli'Jeou^a(>liei».  appa- 
rently jJrtH*  from  calcareoufe^  matier :  in  ueiLuer  of  these  cabets  cuukl 
hcait  have  acteri 

^  Thotte  peoiTjriM*-  wh'«  restrict  the  terrt'  of  *tnPf  to  ashes  of  a 
white  colour,  result iii^  from  tiie  attriiiou  o!  feldbpathiu  hivab,  would 
call  these  hriiwi^-cuiuuied  sUuLa  '|M^ru&b/ 
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formerly  have  occupied  the  hollow  of  the  crater,  but  is 
BOW  attached  only  to  a  few  of  the  uircamferential  bills, 
coDBists  of  a  taff,  intermediate  in  character  between 
that  with  a  resin-like,  and  that  with  an  earthy  fracture. 
This  mass  contains  white  calcareous  matter  in  small 
patches.  The  second  crater  (520  feet  in  height)  mast 
have  existed  nntil  the  eruption  of  a  recent,  great  stream 
of  lava,  as  a  separate  islet ;  a  fine  section,  worn  by  the 
sea,  shows  a  grand  fiinnel-shaped  mass  of  basalt,  sur- 
rounded by  steep,  sloping  flanks  of  tuff,  having  in  parta 
an  earthy,  and  in  others,  a  arani-resinous  fracture.  The 
tuff  is  traversed  by  several  broad,  vertical  dikes,  with 
smooth  and  parallel  sides,  which  I  did  not  doubb  were 
formed  of  basalt,  nntil  I  actually  broke  off  ir^ments. 
These  dikes,  however,  consist  of  tuff  like  that  of  the 
surrounding  sbratA,  but  more  compact,  and  with  a 
smoother    £ractnre;    hence    we    must   conclnde,    that 


Tbe  Elckcr  Bock.    400  fKt  high- 

fissures  were  formed  and  filled  up  with  the  finer  mnd 
or  tuff  from  the  crater,  before  its  interior  was  occupied, 
as  it  now  is,  by  a  solidified  pool  of  basalt.  Other 
fissures  have  been  subsequently  formed,  parallel  to 
these  singular  dikes,  and  are  merely  filled  with  loose 
rubbish.  The  change  from  ordinary  scoriatjeons  parti- 
cles  to   the  substance  with   a   semi-resinous   fracture, 
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oonld  be  clearly  followed  in  •  portions  of  the  compact 
tuff  of  these  dikes. 

At  the  distance  isi  a  few  miles  from  these  two 
craters,  stands  the  Kicker  Rock,  or  islet,  remarkable 
from  its  angalar  form.  It  is  nnstratified,  and  is  com- 
posed of  compact  tnff,  in  parts  having  the  resin-like 
fracture.  It  is  probable  that  this  amorphons  mass, 
like  that  ^milar  mass  in  the  case  first  described,  once 
filled  np  the  central  hollow  of  a  crater,  and  that  its 
flanks,  or  sloping  walls,  have  since  been  worn  quite 
away  by  the  sea,  in  which  it  stands  exposed. 

Small  basaUic  craters, — A  bare,  undulating  tract, 
at  the  eastern  end  of  Chatham  Island,  is  ranaikable 
irom  the  number,  proximitT,  and  form  of  the  small 
basaltic  craters  with  which  it  is  studded.  They  consist, 
either  of  a  mere  conical  pile,  or,  but  less  commonly,  of 
a  circle,  of  black  and  red,  glossy  sooris,  partially  ce- 
mented together.  They  vary  in  diameter  £nom  30  to 
150  yards,  and  rise  from  about  50  to  100  feet  above 
the  level  of  the  surrounding  plain.  From  <me  small 
eminence,  I  counted  sixty  of  these  craters,  all  of  which 
were  within  a  third  of  a  mile  from  each  other,  and 
many  were  much  closer.  I  measured  the  distance 
between  two  very  small  craters,  and  found  that  it  was 
onlv  thirtv  rards  from  the  summit-rim  of  one  to  the 
lim  of  the  other.  Small  streams  of  black,  basaltic  lava, 
containing  olivine  and  much  glassy  feldspar,  have  flowed 
from  many,  but  not  from  all  of  these  craters.  The 
surfaces  of  the  more  recent  streams  were  exceedingly 
rugged,  and  were  crossed  by  great  fissures ;  the  oldei 
streams  were  only  a  little  less  rugged ;  and  th^  were 
all  blended  and  mingled  together  in  complete  confusion. 
The  diflBarent  growth,  however,  of  the  trees  on  the 
streams,  often  plainly  marked  their  different  ages. 
Had  it  not  been  for  this  latter  character,  the  streams 
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tenth  of  an  inch  to  half-an-inch,  in  diameter.  This 
lava,  although  at  first  sight  appearing  eminently  por- 
phyritic,  cannot  properly  be  considered  so,  for  the 
crystals  have  evidently  been  enveloped,  rounded,  and 
penetrated  by  the  lava,  like  fragments  of  foreign  rock 
in  a  trap- dike.  This  was  very  clear  in  some  specimens 
of  a  similar  lava,  from  Abingdon  Island,  in  which  the 
only  difierence  was,  that  the  vesicles  were  spherical  and 
more  numerous.  The  albite  in  these  lavas  is  in  a 
similar  condition  with  the  leucite  of  Vesuvius,  and  with 
the  olivine,  described  by  Von  Buch,*  as  projecting  in 
great  balls  from  the  basalt  of  Lanzarote.  Besides  the 
albite,  this  lava  contains  scattered  grains  of  a  green 
mineral,  with  no  distinct  cleavage,  and  closely  resem- 
bling olivine ;  ^  but  as  it  fuses  easily  into  a  green  glass, 
it  belongs  probably  to  the  augitic  family:  at  Jtimes 
Island,  however,  a  similar  lava  contained  true  olivine. 
I  obtained  specimens  from  the  actual  surface,  and  from 
a  depth  of  four  feet,  but  they  difiered  in  no  respect. 
The  high  degree  of  fluidity  of  this  lava-stream  was  at 
once  evident,  from  its  smooth  and  gently  sloping  sur- 
face, from  the  manner  in  which  the  main  stream  was 
divided  by  small  inequalities  into  little  rills,  and  es- 
pecially from  the  manner. in  which  its  edges,  far  below 
its  source,  and  where  it  must  have  been  in  some  degree 
cooled,  thinned  out  to  almost  nothing  ;  the  actual 
margin  consisting  of  loose  fragments,  few  of  which  were 
larger  than  a  man's  head.  The  contrast  between  this 
margin,  and  the  steep  walls,  above  twenty  feet  high, 
bounding  many  of  the  basaltic  streams  at  Ascension,  is 
very  remarkable.  It  has  generally  been  supposed  that 
lavas  aboanding  with  large   crystals,   and    including 

I  '  Description  des  Isles  Canaries/  p.  296. 

*  Humboldt  mentions  that  be  mistook  a  green  aagitic  mineral, 
occurring  in  the  volcanic  rocks  of  the  Cordillera  of  Quito,  for  olivine. 
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angular  vesideB,'  liave  pofflCBBed  little  fioidity  ;  but  we 
see  tdiat  the  case  iiaB  been  y^ssr  different  at  Albemarle 
Island ,  The  degree  of  finidity  in  di&rent  lavas^  does 
not  seem  to  carrespond  with  any  aji^Hircnt  correspanding 
amomit  of  di&rence  in  their  oompoBittinn :  act  Chatham 
Ifiland,  some  istresmfi,  containing  mnch  glaaey  albite 
and  flame  olivine,  are  so  ragged,  that  ther  mar  be  com- 
pared to  a  flea  frozen  during  a  storm ;  whikt  the  great 
stream  at  Albemarle  Island  is  almost  as  smooth  as  a 
lake  when  raffled  bv  a  brees».  At  James  Island,  black 
basaltic  lava,  abomiding  with  small  grains  of  olivine^ 
presents  an  intermediate  degree  of  rou^^mess ;  its  snr- 
&oe  being  glossy,  and  the  detached  £!agment£  resem- 
bling in  a  Ti*TT  singnlar  manner,  folds  of  drapery,  cables, 
and  piecaes  of  the  bark  of  trees.^ 

Craters  of  tuff'. — Abont  a  mile  southward  of  Banks' 
Cove,  there  is  a  fine  elliptic  crat^',  about  500  feet  in 
depth,  and  three  quarterB  of  a  mile  in  diameter.  Its 
bottom  is  occupied  by  a  lake  of  brin^  out  of  which 
some  little  croteriform  hills  of  tuff  rise.  The  lower 
beds   are   {armed   of  compact  tuff,  appearing  like  a 

'  Tie  hregrnlar  and  anrnilar  form  of  the  vesicles  is  probably 
canxfted  br  the  unequal  yielding  of  a  masE^  composed,  in  aimost  equal 
proportion,  of  solid  cr^'stalsand  of  a  Tiscid  base.  Ii  certainly  seeziis 
21  general  circumstance,  as  might  have  been  expected,  that  in  l&vh^ 
m*hicfa  has  poocooood  a  high  degree  of  fluidity,  a»  well  at  tm  eoett- 
maed  graw,^  the  vesicles  are  internally  smooth  and  spherical. 

'  A  s|>ecimen  of  basaltic  lava,  with  a  few  small  broken  crystals 
of  alt>iie,  given  me  by  one  of  the  offioexs.  is  perhaps  worthy  of  de- 
scription. It  consists  of  cylindrical  ramihcationfi,  some  of  which  are 
oiiiy  the  twentieth  of  an  inch  in  diameter,  and  are  drawn  out  into 
thf  sharpest  points.  The  mass  has  not  been  formed  liice  a  stalactite, 
for  the  points  tenniziate  both  upwards  and  downwards.  Globules, 
only  the  fortieth  of  an  inch  in  diameter,  have  dropped  from  some  uf 
the  points,  and  adhere  to  the  adjoining  bcanches.  The  lava  is  vesi> 
cuiar,  but  the  vesicles  never  reach  the  surface  of  the  bxanches, 
whicb  are  smooth  and  glossy.  Af  it  is  generally  sttppased  thst  vesi- 
cles are  always  elongated  in  the  direclion  of  the  movement  of  the 
fluid  mass,  I  may  observe,  that  in  these  cylindrical  hnoudies.  whitdi 
vary  from  a  quarter  to  onlj  the  twentieth  of  an  in^  in  diameter, 
e>cry  air-cell  is  spherical. 
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subaqueous  deposit ;  whilst  the  upper  beds,  round  the 
entire  circumference,  consist  of  a  harsh,  friable  tuff, 
of  little  specific  gravity,  but  often  containing  fragments 
of  rock  in  layers.  This  upper  tuff  contains  numerous 
pisolitic  balls,  about  the  size  of  small  bullets,  which 
differ  from  the  surrounding  matter,  only  in  being 
slightly  harder  and  finer  grained.  The  beds  dip  away 
very  regularly  on  all  sides,  at  angles  varying,  as  I 
found  by  measurement,  from  25  to  30  degrees.  The 
external  surface  of  the  crater  slopes  at  a  nearly  similar 
inclination;  and  is  formed  by  slightly  convex  ribs, 
like  those  on  the  shell  of  a  pecten  or  scallop,  which 
become  broader  as  they  extend  from  the  mouth  of  the 
crater  to  its  base.  These  ribs  are  generally  from  eight 
to  twenty  feet  in  breadth,  but  sometimes  they  are  as 
much  as  forty  feet  broad  ;  and  they  resemble  old, 
plastered,  much  flattened  vaults,  with  the  plaster 
scaling  off  in  plates :  they  are  separated  from  each 
other  by  gullies,  deepened  by  alluvial  action.  At  their 
upper  and  narrow  ends,  near  the  mouth  of  the  crater, 
these  ribs  often  consist  of  real  hollow  passages,  like, 
but  rather  smaller  than,  those  often  formed  by  the 
cooling  of  the  crust  of  a  lava-stream,  whilst  the  inner 
parts  have  flowed  onward  ; — of  which  structure  I  saw 
many  examples  at  Chatham  Island.  There  can  be  no 
doubt  but  that  these  hollow  ribs  or  vaults  have  been 
formed  in  a  similar  manner,  namely,  by  the  setting 
or  hardening  of  a  superficial  crust  on  streams  of  mud, 
which  have  flowed  down  from  the  upper  part  of  the 
crater.  In  another  part  of  this  same  crater,  I  saw 
open  concave  gutters  between  one  and  two  feet  wide, 
which  appear  to  have  been  formed  by  the  hardening 
of  the  lower  surface  of  a  mud-stream,  instead  of, 
as  in  the  former  case,  of  the  upper  surface.  From 
these  facts  I  think  it  is  certain  that  the  tuff  must  have 
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flowed  as  mud.*  This  mud  may  have  been  formed 
either  within  the  crater,  or  from  ashes  deposited  on 
its  upper  parts,  and  afterwards  washed  down  by  torrents 
of  rain.  The  former  method,  in  most  of  the  cases, 
appears  the  more  probable  one ;  at  James  Island,  how- 
ever, some  beds  of  the  friable  kind  of  tuff  extend  so 
continuously  over  an  uneven  surface,  that  probably 
they  were  formed  by  the  falling  of  showers  of  ashes. 

Within  this  same  crater,  strata  of  coarse  tuff,  chiefly 
composed  of  fragments  of  lava,  abut,  like  a  consoli- 
dated talus,  against  the  inside  walls.  They  rise  to  a 
heierht  of  between  100  and  150  feet  above  the  sur&ce 
of  the  internal  brine-lake ;  they  dip  inwards,  and  are 
inclined  at  an  angle  varying  from  30  to  36  degrees. 
They  appear  to  have  been  formed  beneath  water,  pro- 
bably at  a  period  when  the  sea  occupied  the  hollow  of 
the  crater.  I  was  surprise  to  observe  that  beds  having 
this  great  inclination  did  not,  as  far  as  they  could  be 
followed,  thicken  towards  their  lower  extremities. 

Banks  Cove. — ^This  harbour  occupies  part  of  the 
interior  of  a  shattered  crater  of  tuff  larger  than  that 
last  described.  All  the  tuff  is  compact,  and  includes 
numerous  fragments  of  lava;  it  appears  like  a  sub- 
aqueous deposit.  The  most  remarkable  feature  in 
this  crater  is  the  great  development  of  strata  con- 
verging inwards,  as  in  the  last  case,  at  a  considerable 
inclination,  and   often   deposited   in   irregular   curved 

'  This  coDclaBion  is  of  some  interest,  because  M.  Dnfr^noy 
(*  MAm.  pour  servir/  torn.  iv.  p.  274)  has  ar^aed  from  strata  of  tuff, 
af iparently  of  similar  oomposition  with  that  here  described,  being 
inctiued  at  angles  between  18°  and  20°,  that  Monte  Nuevo  and  some 
o'her  crateis  of  Southern  Italj  have  been  formed  by  upheaval. 
From  the  facts  given  above,  of  the  vaulted  character  of  the  separate 
rills,  and  from  the  luff  not  extending  in  horizontal  sheets  round 
these  cr&teriform  bills,  no  one  will  suppose  that  the  strata  have  here 
been  produced  by  elevation  ;  and  yet  we  see  that  their  inclination  is 
above  20'',and  often  as  much  as  30°.  The  consolidated  strata,  also, 
of  the  internal  talu«,  as  will  be  immediately  t«eii,  dips  at  an  angle 
of  above  »()''. 
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layers.     These  interior  converging  bttds,  as  well  as  the 

proper,  diveiging,  crateriform   strata,  are   represented 

Ko.  13. 
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in  the  accompanying  mde,  sectional  sketch  of  the  head- 
lands, fnrming  this  Core.  The  internal  and  external 
Btrata  differ  little  in  composition,  and  the  former  have 
evidently  resulted  from  the  wear  and  tear,  and  re- 
deposition  of  the  matter  forming  the  eKtemal  crateriform 
strata.  From  the  great  development  of  these  inner 
beds,  a  person  walking  round  the  rim  of  this  crater 
might  fancy  himself  on  a  circular  anti-clinal  ridge 
of  stratified  sandstone  and  conglomerate.  The  sea  is 
wearing  away  the  inner  and  outer  strata,  and  especially 
the  latter  ;  so  that  the  inwardly  converging  strata  will, 
perhaps,  in  some  future  age,  be  left  standing  alone — a 
case  which  might  at  first  perplex  a  geoli^iist.' 

James  Island. — Two  craters  of  tuff  on  this  island 
are  the  only  remaining  ones  which  require  any  notice. 

'  I  believe  that  tbia  case  sctnallf  occurs  in  the  Axores,  where 
Dr.  Webster  (' Description.' p.  185)  has  described  ■  biurin-formed. 
little  island,  oompOHed  of  ^rata  cf  tvff,  dipping  inwards  vid 
bounded  extemall;  by  steep  Bea-wom  cUfis.  Dr.  Danbenj  sapposes 
(on  Tolcanoa,  p.  266),  thst  this  cavitj  mnst  b&ve  been  formed  bj  a 
circolar  sahgidence.  It  appears  to  me  fu  moie  probable,  that  we 
here  have  Btmta  wbich  were  originally  depoaited  within  the  hollow 
of  a  crat«r,  of  which  ibe  eilerioi  walls  have  since  been  remored  by 
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One  of  them  lies  a  mile  and  a-balf  inland  &om  Poerto 
Grande :  it  is  cincular,  about  the  third  of  a  mile  in 
diameter,  and  400  feet  in  depth.  It  difbre  from  all 
the  other  toff-crsterB  which  I  ezsmined,  in  having  the 
lower  part  of  its  cavity,  to  the  height  of  between  100 
and  150  feet,  farmed  by  a  prodpitoas  wall  of  basalt, 
giving  to  the  crater  the  appearance  of  having  bmst 
through  a  solid  sheet  of  tyk^  The  upper  part  of  this 
crater  consistB  of  strata  cf  the  altered  toff,  with  a 
semi-ieBinons  fracture.  Its  bottom  is  occupied  by  a 
shallow  lake  of  brine,  covering  layera  cf  salt,  which 
rest  on  deep  black  mud.  The  other  crater  lies  at  the 
distance  of  a  few  miles,  and  is  only  remarkable  from 
its  size  and  perfect  condition.  Its  summit  is  1,200 
feet  above  the  level  of  the  sea,  and  the  interior  hollow 
is  600  feet  deep.  Its  external  sloping  surface  presented 
a  corions  appearance  from  the  Bmoothness  of  the  wide 
layers  of  tuff,  which  resembled  a  vast  plastered  floor. 
Brattle  Island  is,  1  believe,  the  largest  crater  in  the 
Archipelago  composed  of  tuff;  its  interior  diameter 
is  nearly  a  nautical  mile.  At  present  it  is  in  a  ruined 
condition,  consihting  of  little  more  than  balf  a  circle 
open  to  the  sooth ;  its  great  size  is  probably  due,  in 
part,  to  internal  degradation,  from  the  action  of  the  sea« 
Segment  of  a  email  basaltic  crater, — One  side  of 
Fresh-water  Bay,  in  James  Island,  is  bounded  by  a 
promontory,  which  forms  the  last  wreck  of  a  great 
crater.  On  the  head  of  this  promontory,  a  quadrant- 
shaped  segment  of  a  small  subordinate  point  of 
eruption  stands  exposed.  It  consists  of  nine  separate 
little  streams  of  lava  piled  upon  each  other ;  and 
of  an  irregular  pinnacle,  about  fifteen  feet  high,  of 
reddish-brown,  vesicular  basalt,  abounding  with  large 
crystals  of  glassy  albite,  and  with  fused  augite. 
This  pinnacle,  and  some  adjoining  paps   of  rock   on 
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the  beach,  represents  the  axis  of  the  crater.  The 
streams  of  lava  can  be  followed  up  a  litttle  ravine,  at 
right  angles  to  the  coast,  for  between  ten  and  fifteen 
yards,  where  they  are  hidden  by  detritus:  along  the 
beach  they  are  visible  for  nearly  eighty  yards,  and  I 
do  not  believe  that  they  extend  much  farther.  The 
three  lower  streams  are  united  to  the  pinnacle ;  and  at 
the  point  of  junction  (as  is  shown  in  the  accompanying 
rude  sketch  made  on  the  spot),  they  are  slightly  arched. 

No.  14. 


Segment  of  a  rery  small  orifloe  of  enqitioa,  en  the  beach  of  Freeh-water  Bay. 

as  if  in  the  act  of  flowing  over  the  lip  of  the  crater. 
The  six  upper  streams  no  doubt  were  originally  united 
to  this  same  column  before  it  was  worn  down  by  the 
sea.  The  lava  of  these  streams  is  of  similar  com- 
position with  that  of  the  pinnacle,  excepting  that  the 
crystals  of  albite  appear  to  be  more  comminuted,  and 
the  grains  of  fused  augite  are  absent.  Each  stream 
is  separated  from  the  one  above  it  by  a  few  inches,  or 
at  most  by  one  or  two  feet  in  thickness,  of  loose  frag- 
mentary scori®,  apparently  derived  from  the  abrasion 
of  the  streams  in  passing  over  each  other.  All  these 
streams  are  very  remarkable  from  their  thinness.  I 
carefully  measured  several  of  them  ;  one  was  eight  inches 
thick,  but  was  firmly  coated  with  three  inches  above. 
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and  tliree  inches  below,  of  red  soonaoeoiiB  rode  (wluch 
is  the  case  with  all  the  streams),  making  altogether  a 
thickness  of  foorteen  inches:  this  thifjcness  was  pre- 
served quite  uniformly  along  the  entire  length  kX.  the 
section.  A  second  stieam  was  only  eight  inches  thid^ 
including  both  the  upper  and  lower  sooriaoeoos  sorfaoes. 
Until  PTamining  this  section,  I  had  not  thought  it 
possible  that  lava  could  have  flowed  in  soch  uniformly 
thin  sheets  over  a  sur&oe  £ar  from  smooth.  These 
little  streams  dosely  resemUe  in  composition  that 
great  deluge  of  lava  at  Albemarie  Island,  whidi  like- 
wise must  have  possessed  a  high  d^ree  of  fluidity. 

Pseiido-extransotu^  ejeded  fra/^nyadM»  —  In  the 
lava  and  in  the  scoriae  of  this  little  crater,  I  found 
several  fragments,  which,  from  their  angular  form, 
their  granular  structure,  their  freedom  fix>m  air-cells, 
their  brittle  and  burnt  condition,  dosely  resembled 
those  fragments  of  primary  rocks  whidb  are  occasionally 
ejected,  as  at  Ascension^  from  volcanos.  These  fia^g- 
ments  consist  of  glassy  albite,  mudi  mackled,  and  with 
very  imperfect  cleavages,  mingled  with  semi-rounded 
grains,  having  tarnished,  glossy  sur&ces,  of  a  steel-blue 
mineraL  The  crystals  of  albite  are  coated  by  a  red 
oxide  of  iron,  appearing  like  a  resadual  substance ;  and 
their  deavage-planes  also  are  sometimes  separated  by 
excessively  fine  layers  of  this  oxide,  giving  to  the 
crystals  the  appearance  of  being  ruled  like  a  glass 
micrometer.  There  was  no  quartz.  The  steel- blue 
mineral^  whidi  is  abundant  in  the  pinnacle,  but  which 
disappears  in  the  streams  derived  from  the  pinnacle, 
has  a  fused  appeanmoe,  and  rarely  presents  even  a 
trace  of  cleavage ;  I  obtained,  however,  one  measure- 
ment, whidi  proved  that  it  was  angite;  and  in  one 
other  fragment,  wfaidi  differed  fixxn  the  others,  in 
being  slightly  cellular,  and  in  gradually  blending  into 


126  Galapagos  Archipelago.  parti- 

the  surrounding  matrix  the  sihall  grains  of  this  mineral 
were  tolerably  well  crystallised.  Although  there  is  so 
wide  a  diiference  in  appearance  between  the  lava  of 
the  little  streams,  and  especially  of  their  red  scoriaceous 
crusts,  and  one  of  these  angular  ejected  fragments, 
which  at  fbrst  sight  might  readily  be  mistaken  for 
syenite,  yet  I  believe  that  the  lava  has  originated  from 
the  melting  and  movement  of  a  mass  of  rock  of  abso- 
lutely similar  composition  with  the  fragments.  Besides 
the  specimen  above  alluded  to,  in  which  we  see  a 
fragment  becoming  slightly  cellular,  and  blending  into 
the  surrounding  matrix,  some  of  the  grains  of  the  steel- 
blue  augite  also  have  their  surfaces  becoming  very 
finely  vesicufar,  and  passing  into  the  nature  of  the 
surrounding  paste ;  other  grains  are  throughout,  in  an 
intermediate  condition.  The  paste  seems  to  consist 
of  the  augite  more  perfectly  fused,  or,  more  probably, 
merely  disturbed  in  its  soflened  state  by  the  movement 
of  the  mass,  and  mingled  with  the  oxide  of  iron  and 
with  finely  comminuted^  glassy  albite.  Hence  pro- 
bably it  is  that  the  fused  albite,  which  is  abundant 
in  the  pinnacle,  disappears  in  the  streams.  The  albite 
is  in  exactly  the  same  state,  with  the  exception  of 
most  of  the  crystals  being  smaller  in  the  lava  and  in 
the  embedded  fragments;  but  in  the  fragments  they 
appear  to  be  less  abundant:  this,  however,  would 
naturally  happen  from  the  intumescence  of  the  augitic 
base,  and  its  consequent  apparent  increase  in  bulk.  It 
is  interesting  thus  to  trace  the  steps  by  which  a  com* 
pact  granular  rock  becomes  converted  into  a  vesicular, 
pseudo-porphyritic  lava,  and  finally  into  red  soorias. 
The  structure  and  composition  of  the  embedded  firag- 
ments  show  that  they  are  parts  either  of  a  mass  of 
primary  rock  which  has  undergone  considerable  change 
from  volcanic  action,  or  more  probably  of  the  crust  of 
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a  body  cf  cooled  and  oystaDisBd  lava,  wUch  has  after- 
wards been  broken  up  and  re-Uqaefied ;  the  cmst  being 
less  acted  on  by  the  renewed  heat  and  movement. 

Cofulnding  renuxwis  on  the  tvj^-craien. — ^Thess 
craters,  firvm  the  pecoliantT  of  the  resin-4ike  sabstanoe 
which  enters  lai^gely  into  their  compoffltion,  from  their 
stractoie,  their  siee  and  number,  present  the  most  strik- 
ing feature  in  the  geology  of  this  Aichipelago.  The 
majority  of  them  form  either  separate  islets,  or  promon- 
tories attadied  to  the  larger  islands ;  and  those  which 
now  stand  at  some  little  distance  from  the  coast  are 
worn  and  breached,  as  if  by  the  action  of  the  sea. 
From  this  general  circmnstance  of  their  positicm,  and 
from  the  small  quantity  of  ejected  ashes  in  any  part 
of  the  Archipelago,  I  am  led  to  conclnde,  that  the  toff 
has  been  chiefly  produced,  by  the  grinding  together  of 
fragments  of  lara  within  actire  craters,  oommnnicating 
with  the  sea.  In  the  origin  and  composition  of  the 
tnff,  and  in  the  freqnent  presence  of  a  central  lake  of 
brine  and  of  layers  of  salt,  these  craters  resemble^  thongh 
on  a  gigantic  scale,,  the  ^  salses,'  or  hillocks  of  mud,  which 
are  common  in  some  parts  of  Italy  and  in  other  countries.^ 
Their  closer  connection,  however,  in  this  Archipelago, 
with  ordinary  volcanic  action,  is  shown  by  the  pools  of 
solidified  basalt,  with  which  they  are  sometimes  filled  up. 

It  at  first  appears  very  singnlar,  that  all  the  craters 
formed  of  tuff  have  their  southern  sides,  either  qaitie 
broken  down  and  wholly  removed,  or  much  lower  than 
the  other  sides.  I  saw  and  received  accounts  of  twentr- 
ei;zht  of  these  craters;  of  these,  twelve  form  separate 

*  D*Anbatiwoii'B  'Traits  de  G6ogiiosie,*  torn.  1  p.  189.  I  maj 
remaxk,  t^iat  I  saw  at  Teroeira,  in  the  Axores,  a  cratei  of  tnff  or 
peperino,  verr  Bimilar  to  these  of  the  GalapagoB  Archipelago.  From 
the  deecnptioo  friven  in  Freycinet^s  *  Voyage/  similar  ones  occnr  at 
the  SaiDdwicb  Isbindii ;  and  prohahlj  th^  are  present  in  many  other 
places. 
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islets/  and  now  exist  as  mere  crescents  quite  open  to 
the  south,  with  occasionally  a  few  points  of  rock  mark- 
ing their  former  circumference ;  of  the  remaining  six- 
teen, some  form  promontories,  and  others  stand  at  a 
little  distance  inland  from  the  shore;  but  all,  have 
their  southern  sides  either  the  lowest,  or  quite  broken 
down.  Two,  however,  of  the  sixteen  had  their  northern 
sides  also  low,  whilst  their  eastern  and  western  sides 
were  perfect.  I  did  not  see,  or  hear  of,  a  single  ex- 
ception to  the  rule,  of  these  craters  being  broken  down 
or  low  on  the  side,  which  faces  a  point  of  the  horizon 
between  SE.  and  SW.  This  rule  does  not  apply  to 
craters  composed  of  lava  and  scoriae.  The  explanation 
is  simple  :  at  this  Archipelago,  the  waves  from  the 
trade-wind,  and  the  swell  propagated  from  the  distant 
parts  of  the  open  ocean,  coincide  in  direction,  (which 
is  not  the  case. in  many  parts  of  the  Pacific,)  and  with 
their  united  forces  attack  the  southern  sides  of  all  the 
islands;  and  consequently  the  southern  slope,  even 
when  entirely  formed  of  hard  basaltic  rock,  is  invariably 
steeper  than  the  northern  slope.  As  the  tuff-craters 
are  composed  of  a  soft  material,  and  as  probably  all,  or 
nearly  all,  have  at  some  period  stood  immersed  in  the 
sea,  we  need  not  wonder  that  they  should  invariably 
exhibit  on  their  exposed  sides  the  effects  of  this  great 
denuding  power.  Judging  from  the  worn  condition  of 
many  of  these  craters,  it  is  probable  that  some  have 
been  entirely  washed  away.  As  there  is  no  reason  to 
suppose,   that  the  craters  formed  of  scorias  and  lava 


*  These  consist  of  the  three  Croesman  Islets,  the  lai^^est  of  which 
is  600  feet  in  height ;  Enchanted  Island ;  Gardner  Island  (760  feet 
high)  :  Champion  Island  (31^1  feet  high) ;  Enderbj  Island ;  Brattle 
Island;  two  islets  near  Indefatigable  Island;  and  one  near  James 
Island.  A  second  crater  near  James  Island  (with  a  salt  lake  in  its 
centre)  has  its  son  them  sideonlj  about  twenty  feet  high,  whilst  the 
other  parts  of  the  circumference  are  about  300  feet  in  height. 
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were  erupted  whilst  staDcUng  in  tiie  sea,  we  can  see 
why  the  rale  does  not  apply  to  them.  At  Ascension,  it 
was  shown  that  the  mouths  of  the  craters,  which  are 
there  all  of  terrestrial  origin,  have  been  affected  by  the 
trade  wind ;  and  this  same  power  might  here,  also,  aid 
in  making  the  windward  and  exposed  sides  k\{  some  of 
the  craters  originally  the  lowest. 

Mineralogicdl  com^Tosition  of  the  rocks. — In  the 
northern  islands,  the  basaltic  lavas  seem  generally  to  con- 
tain more  albite  than  they  do  in  the  southern  half  of  the 
Archipelago ;  but  almost  all  the  streams  contain  some. 
The  albite  is  not  unfrequently  associated  with  olivine. 
I  did  not  observe  in  any  specimen  distinguishable 
crystals  of  hornblende  or  augite ;  I  except  the  fused 
grains  in  the  ejected  fragments,  and  in  the  pinnacle  of 
the  little  crater,  above  described.  I  did  not  meet  with 
a  single  specimen  of  true  trachyte ;  though  some  of  the 
paler  lavas,  when  abounding  with  large  crystals  of  the 
harsh  and  glassy  albite,  resemble  in  some  degree  this 
rock ;  but  in  every  case  the  basis  fuses  into  a  black 
enamel.  Beds  of  ashes  and  far-ejected  scoriae,  as  pre- 
viously stated,  are  almost  absent ;  nor  did  I  see  a  frag- 
ment of  obsidian  or  of  pumice.  Von  Buch^  believes 
that  the  absence  of  pumice  on  Mount  Etna  is  conse- 
quent on  the  feldspar  being  of  the  Labrador  variety ; 
if  the  presence  of  pumice  depends  on  the  constitution 
of  the  feldspar,  it  is  remarkable,  that  it  should  be  ab- 
sent in  this  archipelago,  and  abundant  in  the  Cordillera 
of  South  America,  in  both  of  which  regions  the  feld* 
spar  is  of  the  albitic  variety.  Owing  to  the  absence  of 
ashes,  and  the  general  indecomposable  character  of  the 
lava  in  this  Archipelago,  the  islands  are  slowly  clothed 
with  a  poor  vegetation,  and  the  scenery  has  a  desolate 
and  frightful  aspect. 

'  *  Description  des  I^ics  Canaries/  p.  32S. 


130  Galapagos  Archipelago.  pakt  i. 

Elevation  of  the  land. — Proofs  of  the  rising  of  the 
land  are  scanty  and  imperfect.  At  Chatham  Island,  I 
noticed  some  great  blocks  of  lava,  cemented  by  cal- 
careoas  matter,  containing  recent  shells;  but  they 
occurred  at  the  height  of  only  a  few  feet  above  high- 
wat^r  mark.  One  of  the  officers  gave  me  some  ii'ag- 
ments  of  shells,  which  he  fonnd  embedded  several 
hundred  feet  above  the  sea,  in  the  tuff  of  two  craters, 
distant  from  each  other.  It  is  possible,  that  these 
fragments  may  have  been  carried  up  to  their  present 
height  in  an  eruption  of  mud ;  but  as,  in  one  instance, 
they  were  associated  with  broken  oyster-shells,  almost 
forming  a  layer,  it  is  more  probable  that  the  tuff  was 
uplifted  with  the  shells  in  mass.  The  specimens  are 
so  imperfect  that  they  can  be  recognised  only  as  be- 
longing to  recent  marine  genera.  On  Charles  Island, 
I  observed  a  line  of  great  rounded  blocks,  piled  on  the 
summit  of  a  vertical  cliff,  at  the  height  of  fifteen  feet 
above  the  line,  whete  the  sea  now  acts  during  the 
heaviest  gales.  This  appeared,  at  first,  good  evidence 
in  favour  of  the  elevation  of  the  land ;  but  it  was 
quite  deceptive,  for  I  afterwards  saw  on  an  adjoining 
part  of  this  same  coast,  and  heard  from  eye-witnesses, 
that  wherever  a  recent  stream  of  lava  forms  a  smooth 
inclined  plane,  entering  the  sea,  the  waves  during  gales 
have  the  power  of  rolling  up  rounded  blocks  to  a  great 
height,  above  the  line  of  their  ordinary  action.  As  the 
little  cliff  in  the  foregoing  case  is  formed  by  a  stream 
of  lava,  which,  before  being  worn  back,  must  have  en- 
tered the  sea  with  a  gently  sloping  surface,  it  is  possible 
or  rather  it  is  probable,  that  the  rounded  boulders, 
now  lying  on  its  summit,  are  merely  the  remnant  of 
those  which  had  been  rolled  up  during  storms  to  their 
present  height. 

Direction  of  ihs  fissures  of  eruption, — The  volcanic 
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CHAPTER  VI. 

TRACHYTE  AND  BASALT. — DISTRIBUTION  OF  VOLCANIC 

ISLES. 

The  iinkinff  of  orystaU  in  fluid  lam—Specifie  gramtg  of  tka  comti' 
Uient  jMfU  cf  trachyte  and  qf  hamU,  and  their  oonseqnant  separa- 
tion—Obtidian— Apparent  nan-separatism  of  the  element  qfphOonie 
rocks— Origin  qf  trap-dikes  in  theplutonie  series— Distribution  qf 
roleanie  islands ;  their  prevalenee  in  the  great  oeeans—Theg  are 
generally  arranged  in  lines — The  central  voleanos  of  Von  Buck 
doubtful — Volcanic  islands'  bordering  continents— Antiquity  qf 
volcanic  islands,  and  their  elevation  in  tnass — Bruptisms  on 
parallel  lines  qfflssure  within  the  same  geological  period. 

On  the  separation  of  the  constituent  minerals  of  lava^ 
according  to  their  specific  gravities.  —  One  side  of 
Fresh-water  Bay,  in  James  Island,  is  formed  by  the 
wreck  of  a  large  crater,  mentioned  in  the  last  chapter, 
of  which  the  interior  has  been  filled  up  by  a  pool  of 
basalt,  about  200  feet  in  thickness.  This  basalt  is  of  a 
gray  colour,  and  contains  many  crystals  of  glassy  albite, 
which  become  much  more  numerous  in  the  lower 
scoriaceous  part.  This  is  contrary  to  what  might  have 
been  expected,  for  if  the  crystals  had  been  originally 
disseminated  in  equal  numbers,  the  greater  intumescence 
of  this  lower  scoriaceous  part  would  have  made  them 
appear  fewer  in  number.  Von  Buch  *  has  described  a 
stream  of  obsidian  on  the  peak  of  Teneriffe,  in  which 

^  '  Description  des  Isles  Canaries/  pp.  190  and  191. 
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does  not  seem  to  have  been  aware  of  any  positive  facts, 
such  as  those  above  given ;  and  he  has  overlooked  one 
very  necessary  element,  as  it  appears  to  me,  in  the 
phenomenon — namely,  the  existence  of  either  the 
lighter  or  heavier  mineral  in  globules  or  in  crystals. 
In  a  substance  of  imperfect  fluidity,  like  molten  rock, 
it  is  hardly  credible,  that  the  separate,  infinitely  small 
atoms,  whether  of  feldspar,  augite,  or  of  any  other 
mineral,  would  have  power  from  their  slightly  different 
gravities  to  overcome  the  friction  caused  by  their 
movement ;  but  if  the  atoms  of  any  one  of.  these 
minerals  became,  whilst  the  others  remained  fluid, 
united  into  crystals  or  granules,  it  is  easy  to  perceive  that 
from  the  lessened  friction,  their  sinking  or  floating  power 
would  be  greatly  increased.  On  the  other  hand,  if  all 
the  minerals  became  granulated  at  the  same  time,  it  is 
scarcely  possible,  from  their  mutual  resistance,  that  any 
separation  could  take  place.  A  valuable,  practical  dis- 
covery, illustrating  the  effect  of  the  granulation  of  one 
element  in  a  fluid  mass,  in  aiding  its  separation,  has 
lately  been  made :  when  lead  containing  a  small  pro- 
portion of  silver,  is  constantly  stirred  whilst  cooling,  it 
becomes  granulated,  and  the  grains  or  imperfect  crystals 
of  nearly  pure  lead  sink  to  the  bottom,  leaving  a 
residue  of  melted  metal  much  richer  in  silver ;  whereas 
if  the  mixture  be  left  undisturbed,  although  kept  fluid 
for  a  length  of  time,  the  two  metals  ishow  no  signs  of 
separating.^    The  sole  use  of  the  stirring  seems  to  be, 


>  A  full  and  interesting  account  of  this  discovery,  by  Mr. 
Pattinson,  was  read  before  the  BritiBh  Association  in  September, 
1838.  In  some  alloys,  according  to  Tomer  (' Chemistry/ p.  210), 
the  heaviest  metal  sinks,  and  it  appears  that  this  takes  place  whilst 
both  metals  are  11  aid.  Where  there  is  a  considerable  difference  in 
gravity,  as  between  iron  and  the  slag  formed  during  the  fusion  of 
Uie  ore,  we  need  not  be  surprised  at  the  atoms  separating,  wiUioat 
either  substance  being  granulated. 
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the  fonnation  of  detached  grannies.  The  specific 
gravity  of  ailver  is  10*4,  and  of  lead  11*35 :  the  granu- 
lated lead,  whidi  sinks,  is  never  absolntelv  pure,  and 
the  residnal  flnid  metal  contaniB,  when  richest,  only 
•j-fr  pc^  of  silver.  As  the  di&renoe  in  specific  gravity, 
caused  by  the  diflfeient  proportians  of  the  two  metals, 
is  BO  exceedingly  small,  the  separation  is  probably  aided 
in  a  great  degree  by  the  difierenoe  in  gravity  between 
the  lead,  when  giannlar  thoogh  still  hot,  and  when 
fluid. 

In  a  body  of  liquefied  volcanic  rcx^,  left  for  some 
time  without  any  violent  disturbance,  we  might  expect, 
in  aoDordanoe  with  the  above  &cts,  that  if  one  of  the 
cQnstitnent  minerals  became  aggregated  into  ciystals 
or  granules,  or  had  been  enveloped  in  this  state  firom 
some  previously  existing  mass,  such  crystals  or  granules 
would  rise  or  sink,  according  to  their  specific  gravity. 
Now  we  have  plain  evidence  of  crystals  being  embedded 
in  many  lavas,  whilst  the  paste  or  basis  has  continued 
fluid.     I  need  only  refer,  as  instances,  to  the  several, 
great,    paeudo-porphyritic    streams  at  the  Galapagos 
Islands,  and  to  the  trachytic  streams  in  many  parts  of 
the  world,  in  which  we  find  crystals  of  feldspar  bent 
and  broken  by  the  movement  of  the  surrounding,  semi-- 
fluid  matter.      Lavas  are  chiefly  composed  of  three 
varieties  of  feldspar,  varying  in  specific  gravity  from 
2*4  to  2*74  :  of  hornblende  and  augite,  varying  from  30 
to  3*4 ;  of  olivine,  varying  from  8*3  to  3'4 ;  and  lastly, 
of  oxides  of  iron,  with  specific  gravities  from  4*8  to  5*2. 
Hence  crystals   of  feldspar,   enveloped  in  a  mars   of 
liquefied,  but  not  highly  vesicular  lava,  would  tend  to 
rise  to  the  upper  parts ;  and  crystals  or  granules  of  the 
other  minerals,   thus  enveloped,  would  tend  to  sink. 
We  ought  not,  however,  to  expect  any  perfect  degree 
of    separation    in    such    viscid   materials.      Trachyte^ 
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which  consists  chiefly  of  feldspar,  with  some  hornblende 
and  oxide  of  iron,  has  a  specific  gravity  of  about  2*45  ;  ^ 
whilst  basalt  composed  chiefly  of  augite  and  feldspar, 
often  with  much  iron  and  olivine,  has  a  gravity  of  about 
30.     Accordingly  we  find,  that  where  both  trachytic 
and  basaltic   streams  have  proceeded  from  the  same 
orifice,  the  trachytic  streams  have  generally  been  first 
erupted^  owing,  as  we  must  suppose,  to  the  molten  lava  of 
this  series  having  accumulated  in  the  upper  parts  of 
the  volcanic  focus.     This  order   of  eruption  has  been 
observed  by  Beudant,  Scrope,  and  by  other  authors; 
three  instances,  also,  have  been  given  in  this  volume. 
As  the  later  eruptions,  however,   from  most  volcanic 
mountains,  burst  through  their  basal  parts,  owing  to 
the  increased  height  and  weight  of  the  internal  column 
of  molteu   rock,  we  see  why,  in  most  cases,  only  the 
lower  flanks  of  the  centxal,  trachytic  masses,  are  en- 
veloped by   basaltic  streams.     The  separation  of  the 
ingredients  of  a  mabs  of  lava  would,  perhaps,  sometimes 
take  place  within  the  body  of  a  volcanic  mountain,  if 
lofty  and  of  great  dimensions,  instead  of  within  the 
underground  focus;   in  which  case,  trachytic  streams 
might  be  poured  forth,  almost  ooutomporaneonsly,  or 
at  short    recurrent    internals,   from  its  summit,   and 
basaltic  streams  from  its  base :  this  seems  to  have  taken 
place  at  Teneriffe.*    I  need  only  further  remark,  that 
firom  violent  disturbances  the   separation   of  the  two 
series,   even    under    otherwise    &vourable  conditions, 
would  naturally  often  be  prevented,  and  likewise  theii* 

*  Tracb>  te  from  Java,  was  found  by  Von  Bncb  to  be  2*47 ;  from 
AQTergne,  by  De  la  Beche,  it  waa  2*42;  from  Ascension,  by  m^Felf. 
it  was  2*42.  Jameson  and  other  authors  give  to  basalt  a  specitic 
gravity  of  3*0 ;  but  specimens  from  Anvergne  were  found,  by  De  la 
Beohe,  to  be  only  2-7S;  and  from  the  Giant's  Gaoseway,  to  be  2*91 . 

s  Consult  Von  Bnch's  well-known  and  admirable  Deteripti^m 
PiytifMt  of  this  island,  which  might  serre  as  a  model  of  descripti\'c 
fceolo^. 
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hbu&I  order  of  eruption  be  inverted.  From  the  higli 
degree  of  fluidity  of  most  basaltic  lavas,  these  perhaps, 
alone,  would  in  many  cases  reach  the  snr£Bboe. 

As  we  have  seen  that  ciystals  of  feldspar,  in  the 
instance  described  by  Von  Bach,  sink  in  obsidian,  in 
accordance  with  their  known  greater  specific  gravity, 
we  might  expect  to  find  in  every  trachytic  district, 
where  obsidian  has  flowed  as  lava,  that  it  had  proceeded 
from  the  upper  or  highest  orifices.  This,  according  to 
Yon  Bnch,  holds  good  in  a  remarkable  manner  both  at 
the  Ldpari  Islands  and  on  the  Peak  of  Tenerifie;  at 
this  latter  place  obsidian  has  never  flowed  firom  a  less 
height  than  9,200  feet.  Obsidian,  also,  appears  to  have 
been  erupted  from  the  loftiest  peaks  of  the  Peruvian 
Cordillera.  I  will  only  further  observe,  that  the  specific 
gravity  of  quartz  varies  fix>m  2*6  to  2*8  ;  and  therefore, 
that  when  present  in  a  volcanic  focus,  it  would  not  tend 
to  sink  with  the  basaltic  bases;  and  this,  perhaps, 
explains  the  fi:equent  presence,  and  the  abundance  of 
this  mineral,  in  the  lavas  of  the  trachytic  series,  as 
obiierved  in  previous  parts  of  this  volume. 

An  objection  to  the  foregoing  theory,  will,  perhaps, 
be  drawn,  from  the  plutonic  rocks  not  being  separated 
into  two  evidently  distinct  series,  of  different  specific 
gravities ;  although,  like  the  volcanic,  they  have  been 
liquefied.  In  answer,  it  may  first  be  remarked,  that 
we  have  no  evidence  of  the  atoms  of  any  one  of  the 
constituent  minerals  in  the  plutonic  series  having  been 
aggregated,  whilst  the  others  remained  fluid,  which  we 
have  endeavoured  to  show  is  an  almost  necessary  con- 
dition of  their  separation ;  on  the  contrary,  the  crystals 
have  generally  impressed  each  other  with  their  foims.^ 

*  The  crystalline  paste  of  pi  onnlite  is  frequently  penetrated  by 
long  needles  of  hornblende ;  from  which  it  appears,  that  the  bom- 
blende,  though  the  more  fusible  mineral,  has  crystallised  before,  or 
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In  the  second  place,  the  perfect  tranquillity,  under 
which  it  is  probable  that  the  plutonic  masses,  buried  at 
profound  depths,  have  cooled,  would,  most  likely,  be 
highly  unfavourable  to  the  separation  of  their  consti- 
tuent minerals ;  for,  if  the  attractive  force,  which  during 
the  progressive  cooling  draws  together  the  molecules  of 
the  different  minerals,  has  power  sufficient  to  keep 
them  together,  the  friction  between  such  half-formed 
crvstals  or  pasty  globules  would  effectually  prevent  the 
h^vier  ones  from  sinking,  or  the  Ughter  ones  from 
rising.  On  the  other  hand,  a  small  amount  of  disturb- 
ance, which  would  probably  occur  in  most  volcanic 
foci,  and  which  we  have  seen  does  not  prevent  the 
separation  of  granules  of  lead  from  a  mixture  of  molten 
lead  and  silver,  or  crystals  of  feldspar  from  streams  of 
lava,  by  breaking  and  dissolving  the  less  perfectly 
formed  globules^  would  permit  the  more  perfect  and 
therefore  unbroken  crystals,  to  sink  or  rise,  according 
to  their  specific  gravity. 

Although  in  plutonic  rocks  two  distinct  species, 
corresponding  to  the  trachytic  and  basaltic  series,  do 
not  exist,  I  much  suspect,  that  a  certain  amount  of 
separation  of  their  constituent  parts  has  often  taken 
place.  I  suspect  this  from  having  observed  how  fre- 
quently dikes  of  greenstone  and  basalt  intersect  widely 

at  the  same  time  with  a  more  refractory  substance.  Phonolite,  as  far 
as  my  observations  serve,  in  every  instance  appears  to  be  an  injecttd 
rock,  like  those  of  the  plutonic  series ;  hence  proljably,  like  these 
latter,  it  has  generally  been  cooled  without  repeated  and  violent  dis* 
turbanoes.  Those  geologists  who  have  doubted  whether  granite 
oould  have  been  formed  by  igneous  liquefaction,  because  minerals 
of  different  degrees  of  fusibility  impress  each  other  with  their  forms, 
could  not  have  been  aware  of  the  fact  of  crystallised  hornblende 
penetrating  phonoUte,  a.  rock  undoubtedly  of  igneous  origin*  The 
viscidity,  which  it  is  now  known,  that  both  feldspar  and  quartz  retain 
at  a  temperature  much  below  their  points  of  fusion,  easily  explains 
their  mutual  impressment.  Consult  on  this  subject  Mr.  Homers 
paper  on  Bonn,  *  Qeolog.  Transact.'  voL  iv.  p.  439 ;  and  *  Llnstitat*' 
with  respect  to  quarts,  1839,  p.  IHl. 
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extended  formations  of  granite  and  the  allied  meta- 
morphic  rocks.  I  have  never  examined  a  district  in 
an  extensive  granitic  region  without  discovering  dikes ; 
I  may  instance  the  numerous  tiap-dikes,  in  several 
districts  of  Brazil,  Chile,  and  Australia,  and  at  the  Cape 
of  Good  Hope  :  many  dikes  likewise  occur  in  the  great 
granitic  tracts  of  India,  in  the  north  of  Europe,  and  in 
other  countries.  Whence,  then,  has  the  greenstone 
and  basalt,  forming  these  dykes,  come?  Are  we  to 
suppose,  like  some  of  the  elder  geologists,  that  a  zone 
of  trap  is  uniformly  spread  out  beneath  the  granitic 
series,  which  composes,  as  far  as  we  know,  the  founda- 
tions of  the  earth's  crust  ?  Is  it  not  more  probable,  that 
these  dikes  have  been  formed  by  fissures  penetrating 
into  partially  cooled  rocks  of  the  granitic  and  meta- 
morphic  series,  and  by  their  more  fluid  parts,  consisting 
chiefly  of  hornblende,  oozing  out,  and  being  sucked 
into  such  fissures  ?  At  Bahia,  in  Brazil,  in  a  district 
composed  of  gneiss  and  primitive  greenstone,  I  sawi 
many  dikes,  of  a  dark  augitic  (for  one  crystal  certainly 
was  of  this  mineral)  or  hornblendic  rock,  which,  as 
several  appearances  clearly  proved,  either  had  been 
formed  before  the  surrounding  mass  had  become  solid, 
or  had  together  with  it  been  afterwards  thoroughly 
softened.^  On  both  sides  of  one  of  these  dikes,  the 
gneiss  was  penetrated,  to  the  distance  of  several  yards, 
by  numerous,  curvilinear  threads  or  streaks  of  dark 
matter,  which  resembled  in  form  clouds  of  the  class 
called  cirrhi-comaB  ;  some  few  of  these  threads  could  be 
traced  to  their  junction  with  the  dike.     When  examin- 

*  Portions  of  these  dikes  liave  been  broken  off,  and  are  now  sur- 
rounded  by  the  primary  rocks,  with  their  laminie  conformably  wind- 
ing round  them.  Dr.  Hubbard,  also  ('  Silliman's  Journal,'  vol.  zxziv. 
p.  119),  has  described  an  interlacement  of  trap- veins  in  the  granite 
of  the  White  Mountains,  which  he  thinks  must  have  been  formed 
when  both  rocks  were  soft. 


1 40  The  Distribution  of  pabt  i. 

mg  them,  I  doubted  whether  such  hair-like  and  curvili- 
near veins  could  have  been  injected,  and  I  now  suspect, 
that  instead  of  having  been  injected  from  the  dike, 
they  were  its  feeders.  If  the  foregoing  view  of  the 
origin  of  trap-dikes  in  widely  extended  granitic  regions 
far  from  rocks  of  any  other  fonfiation,  be  admitted  as 
probable,  we  may  further  admit,  in  the  case  of  a  great 
body  of  plutonic  rock,  being  impelled  by  repeated 
movements  into  the  axis  of  a  mountain-chain,  that  its 
more  liquid  constituent  parts  might  drain  into  deep 
and  unseen  abysses ;  afterwards,  perhaps,  to  be  brought 
to  the  surface  under  the  form,  either  of  injected  masses 
of  greenstone  and  augitic  porphyry,*  or  of  basaltic 
eruptions.  Much  of  the  difficulty  which  geologists 
have  experienced,  when  they  have  compared  the  com- 
position of  volcanic  with  plutonic  formations,  will,  I 
think,  be  removed,  if  we  may  believe,  that  most  plutonic 
masses  have  been,  to  a  certain  extent,  drained  of  those 
comparatively  weighty  and  easily  liquefied  elements, 
which  compose  the  trappean  and  basaltic  series  of 
rocks. 

On  the  distribution  of  volcanic  islands.  —  During 
my  investigations  on  coral-reefs,  I  had  occasion  to 
consult  the  works  of  many  voyagers,  and  I  was  invari- 
ably struck  with  the  fact,  that  with  rare  exceptions,  the 
innumerable  islands  scattered  throughout  the  Pacific, 
Indian,  and  Atlantic  Oceans,  were  composed  either  of 

'  Mr.  PhiUips  ('Larclner's  Cyclopaedia/ vol.  ii.  p.  116)  quotes  Von 
Bach's  statement,  that  angitic  porphyry  ranges  parallel  to,  and  is 
found  constantly  at  the  hose  of,  great  chains  of  mountains. 
Humboldt,  also,  has  remarked  the  frequent  occurrence  of  trap-rock, 
in  a  similar  position  ;  of  which  fact  I  have  observed  many  examples 
at  the  foot  of  the  Chilian  Cordillera.  The  existence  of  granite  in 
the  axes  of  great  mountain  chains  is  always  probable,  and  I  am 
tempted  to  suppose,  that  the  laterally  injected  masses  of  augitio 
porphyry  and  of  trap,  bear  nearly  the  same  relation  to  the  granitic 
axes  which  basaltic  Lavas  bear  to  the  central  trachytic  masses,  round 
the  flanks  of  whi.^h  they  have  so  frequently  been  erupted. 
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Yolcsnic,  or  of  modem  coral  rocks.  It  would  be  tedious 
to  give  a  long  catalogue  of  all  the  volcanic  islands ;  but 
the  exceptions  wliic]i  I  bave  found  are  easily  enumer* 
ated :  in  the  Atlantic,  we  have  St.  Pauls  Bock,  de* 
scribed  in  this  volume,  and  the  Falkland  Islands, 
composed  of  quartz  and  clayslate;  but  these  latter 
islands  are  of  considerable  sise,  and  lie  not  very  far 
from  the  South  American  coast : '  in  the  Indian  Ocean, 
the  Seychelles  (situated  in  a  line  prolonged  from  Mada* 
gascar)  consist  of  granite  and  quartz:  in  the  Pacific 
Ocean,  New  Caledonia,  an  island  of  lai^  size,  belongs 
(as  far  as  is  known)  to  the  primary  class.  New  Zealand, 
which  contains  mudi  volcanic  rock  and  some  active 
volcanos,  from  its  size  cannot  be  classed  with  the  small 
islands,  which  we  are  now  considering.  The  presence 
of  a  small  quantity  of  non-volcanic  rock,  as  of  clay-slate 
on  three  of  the  Azores,'  or  of  tertiary  limestone  at 
Madeira,  or  of  clay-slate  at  Chatham  Island  in  the 
Pacific,  or  of  lignite  at  Kerguelen  Land,  ought  not  to 
exclude  such  islands  or  archipelagos,  if  formed  chiefly 
of  erupted  matter,  from  the  volcanic  class. 

The  composition  of  the  numerous  islands  scattered 
through  the  great  oceans  being  with  such  rare  excep- 
tions volcanic,  is  evidently  au  extension  of  that  law, 
and  the  effect  of  those  same  causes,  whether  chemical 
or  mechanical,  from  which  it  results,  that  a  vast  majority 
of  the  volcanos  now  in  action  stand  either  as  islands 

>  Jadging  from  Fonter  s  imperfect  observation,  perhaps  Geor^^ia 
is  nofc  volcanic.  Dr.  Allan  is  my  informant  with  regaird  to  the 
8ejcbelLes.  I  do  not  know  of  what  formaticm  Bodrignez,  in  the 
Indian  Ocean,  is  composed. 

'  This  is  stated  on  the  authority  of  Count  Y.  de  Bedemar,  with 
respect  to  Flores  and  Graciosa  (Charisworth  'Magasine  of  Nats  Hist.* 
▼oL  i.  p.  557).  ftt.  Maria  has  no  vokanio  rock,  according  to  Captain 
Boyd  (Yon  Bnch's  *  Descript*  p.  365).  Chatham  Island  has  heen 
described  by  Dr.  Dieffenbach,in  the  *  Geographical  JoamaV  1841,  p« 
201.  As  yet  we  have  received  only  imperfect  notices  on  Kergueleo 
Land,  from  the  Antarctic  Sxpeditioc 
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in  the  sea,  or  near  its  shores.  This  facfc  of  the  ocean- 
islands  being  so  generally  volcanic  is  also  interesting 
in  relation  to  the  nature  of  the  mountain-chains  on 
our  continents,  which  are  comparatively  seldom  vol- 
canic ;  and  yet  we  are  led  to  suppose  that  where  our 
continents  now  stand  an  ocean  once  extended.  Do 
volcanic  eruptions,  we  may  ask,  reach  the  surface  more 
readily  through  fissures  formed  during  the  first  stages 
of  the  conversion  of  the  bed  of  the  oceai^  into  a  tract 
of  land  ? 

Looking  at  the  charts  of  the  numerous  volcanic 
archipelagos,  we  see  that  the  islands  are  generally 
arranged  either  in  single,  double,  or  triple  rows,  in 
lines  which  are  frequently  curved  in  a  slight  degree.^ 
Each  separate  island  is  either  rounded,  or  more  gene- 
rally elongated  in  the  same  direction  with  the  group 
in  which  it  stands,  but  sometimes  transversely  to  it. 
Some  of  the  groups  which  are  not  much  elongated 
present  little  symmetry  in  their  forms ;  M.  Virlet  • 
states  that  this  is  the  case  with  the  Grecian  Archi- 
pelago :  in  such  groups  I  suspect  (for  I  am  aware  how 
easy  it  is  to  deceive  oneself  on  these  points),  that  the 
vents  are  generally  arranged  on  one  line,  or  on  a  set 
of  short  parallel  lines,  intersecting  at  nearly  right 
angles  another  line,  or  set  of  lines.  The  Galapagos 
Archipelago  ofiers  an  example  of  this  structure,  for 
most  of  the  islands  and  the  chief  orifices  on  the  largest 
island  are  so  grouped  as  to  fall  on  a  set  of  lines  ranging 
about  NW.  by  N.,  and  on  another  set  ranging  about 
WSW. :  in  the  Canary  Archipelago  we  have  a  simpler 
structure  of  the  same  kind:    in   the  Cape  de  Verde 

*  Profesflon  William  and  Henry  Darwin  Rogers  have  lately  in- 
sisted much,  in  a  memoir  read  before  the  American  Association,  on 
the  regularly  carved  lines  of  elevation  in  parts  of  the  Appalachian 
range. 

'  *  Bulletin  de  la  Soc.  G^olog.  torn.  iii.  p.  110. 
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^Toizp,  -wMcb  HppeBTE  to  be  the  least  symnHstncal  u\ 
any  oceanic  volcanic  orchipeiasro.  a  XW.  and  SE. 
Ime  iooned  by  several  islands,  if  prolanged.  wonid 
infiereect  at  Ticrbt  angles  a  cmred  line,  on  ^wbicb  the 

•nHmarni-nfr  ^IgntJa  ore  piaoed. 

Tod  Bnch  ^  iias  daiwed  all  volcanos  imdeTtwo  heads, 
namehr.  central  volcano^,  itmnd  ^which  mnneTons  flru|v 
tionF  hare  taken  place  on  all  sides,  in  a  maoner  ahnost 
Tegnlar,  and  volcanic  chains.  In  the  examples  ^ven 
of  the  £r6t  class,  as  &r  as  positian  is  caneemed.  I  can 
see  no  crnmnds  for  their  being  called  "  cezctral : '  and 
the  -evidenoe  of  any  difinence  in  ininendogical  nature 
between  central  voLcanos  and  volcanic  dumif:  appears 
slight.  ISo  donbt  some  one  island  in  most  small 
Tolcanic  archipelagos  is  apt  to  be  cansiderably  higher 
than  the  others ;  in  a  smular  manner,  whatever  t«he 
cause  mav  be,  that  an  the  same  island  one  vent  is 
ireneraliy  higher  than  all  the  others.  Ton  Bni^  does 
not  indnde  in  his  class  of  volcanic  chains  small  archi-- 
pela^QS,  in  which  the  islands  are  admitted  by  him.  as 
at  the  Azores,  to  be  arranged  in  lines;  bnt  when 
viewing  on  a  map  of  the  world  how  perfect  a  series 
exists  &am  a  few  volcanic  islands  placed  in  a  row  t^ 
a  train  of  linear  archipelagos  following  each  other  in 
a  Btxaight  line,  and  so  on  to  a  great  wall  like  the 
Cordillera  of  America^  it  is  difficult  to  believe  that 
there  exists  onv  essential  diflference  between  short  and 
long  volcanic  r^h«fnB  Ton  Bnch^  states  that  his 
volcanic  cdiains  snrmonnt,  or  are  closely  connected 
with,  moantam-ranges  of  primary  fcrmatian:  bat  if 
trainfi  of  linear  archipelagos  are^  in  the  course  of  time, 
by  the  long-continned  action  of  the  elevatory  and 
volcanic    forceB.   converted    into    monntain-ranges,   it 

*  *  Description  dfis  I&les  CanazieR,'  p.  324. 
«  Idem,  p.  asa. 
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would  naturally  result  that  the  inferior  primary  rocks 
would  often  be  uplifted  and  brought  into  view. 

Some  authors  have  remarked  that  volcanic  islands 
occur  scattered,  though  at  very  unequal  distances,  along 
the  shores  of  the  great  continents,  as  ifinfiome  measure 
connected  with  them.  In  the  case  of  Juan  Fernandez, 
situated  330  miles  from  the  coast  of  Chile,  there  was 
undoubtedly  a  connection  between  the  volcanic  forces 
acting  under  this  island  and  under  the  continent,  as 
was  shown  during  the  earthquake  of  1835.  The 
islands,  moreover,  of  some  of  the  small  volcanic  groups 
which  thus  border  continents,  are  .placed  in  lines,  re- 
lated to  those  along  which  the  adjoining  shores  of 
the  continents  trend;  I  may  instance  the  lines  of 
intersection  at  the  Galapagos,  and  at  the  Cape  de 
Verde  Archipelagos,  and  the  best  marked  line  of  the 
Canary  Islands.  If  these  facts  be  not  merely  accidental, 
we  see  that  many  scattered  volcanic  islands  and  small 
groups  are  related  not  only  by  proximity,  but  in  the 
direction  of  the  fissures  of  eruption  to  the  neighbouring 
continents — a  relation,  which  Yon  Buch  considers,  cha- 
racterifitic  of  his  great  volcanic  chains. 

In  volcanic  archipelagos,  the  orifices  are  seldom  in 
activity  on  more  than  one  island  at  a  time ;  and  the 
greater  eruptions  usually  recur  only  after  long  intervals. 
Observing  tiie  number  of  craters,  that  are  usually  found 
on  each  island  of  a  group,  and  the  vast  amount  of 
matter  which  has  been  erupted  from  them,  one  is  led 
to  attribute  a  high  antiquity  even  to  those  groups,  which 
appear,  like  the  Galapagos,  to  be  of  comparatively  recent 
origin.  This  conclusion  accords  with  the  prodigious 
amount  of  degradation,  by  the  slow  action  of  the  sea, 
which  their  originally  sloping  coasts  must  have  sufiered, 
when  they  are  worn  back,  as  is  so  often  the  case,  into 
grand  precipices.    We  ought  not,  however  to  suppose, 
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in  hardlv  aziT  instanoe.  that  tiie  whole  body  of  matter, 
formiiig  a  Tolcanic  island*  has  been  empted  at  the 
level,  on  which  it  now  stands :  the  number  of  dikes, 
which  seem  inTariably  to  inteised:  the  interior  parts  of 
every  volcano,  show,  on  the  principles  explained  by 
M.  Elie  de  Beanmont,  that  the  whole  mass  hat$  been 
npliiibed  and  fifisnred.  A  connection,  moreover*  between 
vc^canic  enrptions  and  oootemporaoeoas  eleFations  in 
mass  *  has.  I  think,  been  shown  to  exist,  in  mv  work  on 
Coral  Beefs,  both  from  the  frequent  presence  of  upraised 
oxsanic  remains,  and  from  the  Etmctnre  of  the  aooom- 
panring  coral-Teefs.  Finally,  I  may  remaik,  that  in 
the  same  Archipelago,  ernptians  have  taken  place  "with  in 
the  historical  period  on  more  than  one  of  the  parallel 
lines  of  fssnre :  thus,  at  the  Galapagos  Archipelago, 
emptionfi  have  taken  place  from  a  vent  on  Narborough 
Island,  and  from  one  on  Aibemarle  Island^  which  vents 
do  TkK:^  &J1  on  the  Bsme  line :  at  the  Ganarv  Islands, 
emption^  have  taken  place  in  Tenerifie  and  l^nzarote ; 
and  at  the  Azores,  on  the  three  paiullel  lines  of  Pico, 
Bt.  Jorge,  and  Teroeiia.  Believing  that  a  mountain- 
axis  difi^siB  esBentially  from  a  volcano,  only  in  plutonic 
rocks  having  been  injected,  instead  of  volcuiie  matter 
lisvin?  been  ejected,  tliis  aj^iears  to  me  an  intea!«6ting 
cdrcsmstanoe :  for  we  rsac^  infer  from  it  as  j»obable, 
that  in  the  elevation  of  a  monntaiu-chain,  two  or  more 
of  the  parallel  lines  fbnmng  it  may  W  upraised  and 
injected  within  the  same  geological  period. 

I  A  gtmilar  coDcliiBioD  ip  foroed  on  OS.  by  the  pbeoomeiia,  which 
■fsodrnpankxi  the  earthquake  of  18^.  at  Conception,  and  whicli  are 
ilemiky]  in  my  jayer  (voLv.p.^iOI^i&tiie  *  (aeolMgical  liauocbiaDfi.' 
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N^fo  Sout'k  Wdlet^Sandttime  formation — Emhedded  pteudo-ffOff- 
menu  qf  shale — Stratification — Current-cleavage— Great  voile jf 9 
—  Van  JHemen^i  Land — PaUBozoio  formation — Newer  formation 
fcith  volcanic  rocks — Travertin  with  leaves  of  extinct  plants — 
Elevation  cf  the  land — New  Zealand — King  Qeorg^s  Sound — 
Superficial  ferruginous  beds — Superficial  calcareous  deposUtt^  with 
casts  of  branches — Their  origin  from  drifted  particles  qf  shells  and 
corals — TTiHr  exten* —  Caj/e  of  Gnod  Hope — Junction  of  the  granite 
and  elay-slate — Sandstone  formation. 

The  BedgUy  in  her  homeward  voyage,  touched  at  New 
Siealaod,  Australia,  Van  Diemen's  Land,  and  the  Cape 
of  Good  Hope.  In  order  to  confine  the  Second  Part  of 
these  Geological  Observations  to  South  America,  I  will 
here  briefly  describe  all  that  I  observed  at  these  places 
worthy  of  the  attention  of  geologists. 

New  Sovih  Wales. — My  opportunities  of  observa- 
tion consisted  of  a  ride  of  ninety  geographical  miles  to 
Bathnrst,  in  a  WNW.  direction  from  Sydney.  The 
first  thirty  miles  from  the  coast  passes  over  a  sandstone 
country,  broken  up  in  many  places  by  trap-rocks,  and 
separated  by  a  bold  escarpment  overhanging  the  river 
Nepean,  from  the  great  sandstone  platform  of  the  Blue 
Mountains.  This  upper  platform  is  1,000  feet  high  at 
the  edge  of  the  escarpment,  and  rises  in  a  distance  of 
twenty-five  miles  to  between  3,000  and  4,000  feet  above 
the  level  of  the  sea.  At  this  distance  the  road  descends 
to  a  country  rather  less  elevated,  and  composed  in  chief 
part  of  primary  rocks.  There  is  much  granite,  in  one 
pait    passing   into   a   red    porphyry    with    octagonal 
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crystals  of  qnartz,  and  intersected  in  some  places  by 
trap-<likes.  Near  the  Downs  of  Batborst  I  passed  over 
much  pale-brown,  glossy  clay-slate,  with  the  shattered 
kminse  numing  north  and  sonth :  I  mention  this  fact, 
because  Captain  King  informs  me  that,  in  the  coontiy 
a  hundred  miles  sonthward,  near  Lake  George,  the 
mica-slate  ranges  so  invariably  north  and  south  that 
the  inhabitants  take  advantage  of  it  in  finding  their 
way  through  the  forests. 

The  sandstone  of  the  Blue  Mountains  is  at  least 
1,200  feet  thick,  and  in  some  parts  is  apparently  of 
greater  thickness ;  it  consists  of  small  grains  of  quartz, 
cemented  by  white  earthy  matter,  and  it  abounds  with 
ferruginous  veins.  The  lower  beds  sometimes  alternate 
with  shales  and  coal :  at  Wolgan  I  found  in  carbona- 
ceous shale  leaves  of  the  Glossopteris  Brownii^  a  feni 
which  so  frequently  accompanies  the  coal  of  Australia. 
The  sandstone  contains  pebbles  of  quartz;  and  these 
generally  increase  in  namber  and  size  (seldom,  however, 
exceeding  an  ipoh  or  two  in  diameter)  in  the  upper 
beds :  I  observed  a  similar  circumstance  in  the  grand 
sandstone  formation  at  the  Cape  of  Good  Hope.  On 
the  South  American  coast,  where  tertiary  aud  supra- 
tertiary  beds  have  been  extensively  elevated,  I  re- 
peatedly noticed  that  the  uppermost  beds  were  formed 
of  coarser  materials  than  the  lower:  this  appears  to 
indicate  that,  as  the  sea  became  shallower,  the  force  of 
the  waves  or  currents  increased.  On  the  lower^  plat- 
form, however,  between  the  Blue  Mountains  and  the 
coast,  I  observed  that  the  upper  beds  of  the  sandstone 
frequently  passed  into  argillaceous  shale, — the  effect, 
probably,  of  this  lower  space  having  been  protected 
from  strong  currents  during  its  elevation.  The  sand- 
Btone  of  the  Blue  Mountains  evidently  having  been  of 
mechanical  origin,  and  not  having  suffered  any  meta- 

13 
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morphic  action,  I  was  surprised  at  observing  that,  in 
some  specimens,  nearly  all  the  grains  of  quartz  were  so 
perfectly  crystallised  with  brilliant  facets  that  they 
evidently  had  not  in  their  p-e«0n«  form  been  aggregated 
in  any  previously  existing  rock.^  It  is  difficult  to 
imagine  how  these  crystals  could  have  been  formed; 
one  can  hardly  believe  that  they  were  separately  pre- 
cipitated in  their  present  crystallised  state.  Is  it 
possible  that  rounded  grains  of  quartz  may  have  been 
acted  on  by  a  fluid  corroding  their  surfaces,  and  de- 
positing on  them  fresh  silica  ?  I  may  remark  that,  in 
the  sandstone  formation  of  the  Cape  of  Good  Hope,  it 
is  evident  that  silica  has  been  profusely  deposited  from 
aqueous  solution. 

In  several  parts  of  the  sandstone  I  noticed  patches 
of  shale  which  might  at  the  first  glance  have  been 
mistaken  for  extraneous  fragments;  their  horizontal 
laminaD,  however,  being  parallel  with  those  of  the 
sandstone,  showed  that  they  were  the  remnants  of  thin, 
continuous  beds.  One  such  fragment  (probably  the 
section  of  a  long  narrow  strip)  seen  in  the  face  of  a  cliff, 
was  of  greater  vertical  thickne^  than  breadth,  which 
proves  that  this  bed  of  shale  must  have  been  in  some 
slight  degree  consolidated,  after  having  been  deposited, 
and  before  being  worn  away  by  the  currents.  Each 
patch  of  the  shale  shows,  also,  how  slowly  many  of  the 
successive  layers  of  sandstone  were  deposited.  These 
pseudo-fragments  of  shale  will  perhaps  explain,  in  some 
cases,  the  origin  of  appai*ently  extraneous  fragments  in 


^  I  have  lately  seen,  in  a  paper  by  Smith  (the  father  of  English 
geologists),  in  the  *  Magazine  of  Natural  History,*  that  the  grains  of 
quartz  in  {be  millstone  grit  of  England  are  often  crjstaUised.  Sir 
David  Brewster,  in  a  paper  read  l^fore  the  British  Association,  1840, 
states.  Chat  in  old  decomposed  glass,  the  siles  and  metals  separata 
into  concentric  rings,  and  that  the  silex  regains  its  crystalline  stmc* 
tore,  as  is  shown  by  its  action  on  lig^t. 
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ciystalline  metamorpliic  rocks.  I  mention  this,  becanse 
I  fonnd  near  Rio  de  Janeiro  a  well-defined  angalar 
fragment,  seven  yards  long  by  two  yards  in  breadth,  of 
gneiss  containing  garnets  and  mica  in  layers,  enclosed 
in  the  ordinary,  stratified,  porphyritic  gneiss  of  the 
country.  The  laminae  of  the  fragment  and  of  the  sur- 
rounding matrix  ran  in  exactly  the  same  direction,  bnt 
they  dipped  at  different  angles.  I  do  not  wish  to 
affirm  that  this  singular  fragment  (a  solitary  case,  as 
far  as  I  know)  was  originally  deposited  in  a  layer,  like 
the  shale  in  the  Blue  Mountains,  between  the  strata  of 
the  porphyritic  gneiss,  before  they  were  metamorphosed ; 
but  there  is  sufficient  analogy  between  the  two  cases  to 
render  such  an  explanation  possible. 

Stratificaiion  of  the  escarpmerU. — ^The  strata  of 
the  Blue  Mountains  appear  to  the  eye  horizontal ;  but 
they  probably  have  a  similar  inclination  with  the  sur- 
face of  the  platform,  whidi  slopes  from  the  west  to- 
.wards  the  escarpment  over  the  Nepean,  at  an  angle  of 
one  degree,  or  of  one  hundred  feet  in  «  mile.^  The 
strata  of  the  escarpment  dip  almost  conformably  with 
its  steeply  inclined  face,  and  with  so  much  regularity, 
that  they  appear  as  if  thrown  into  their  present  position ; 
but  on  a  more  careful  examination,  they  are  seen  to 
thicken  and  to  thin  out,  and  in  the  upper  part  to  be 
succeeded  and  almost  capped  by  horizontal  beds.  These 
appearances  render  it  probable,  that  we  here  see  an 
original  escarpment,  not  formed  by  the  sea  having 
eaten  back  into  the  strata,  but  by  the  strata  having 
originally  extended  only  thus  far.  Those  who  have 
been  in  the  habit  of  examining  accurate  charts  of  sea- 
coasts,  where  sediment  is  accumulating,  will  be  aware, 
that  the  surfaces  of  the  banks  thus  formed,  generally 

■  This  is  stated  on  the  authority  of  Sir  T.  Mitchell,  in  his 
•  Travels/  vol.  ii.  p.  357. 
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slope  from  the  coast  very  gently  towards  a  certain  line 
in  the  offing,  beyond  which  the  depth  in  most  cases  sud- 
denly becomes  great.  I  may  instance  the  great  banks 
of  sediment  within  the  West  Indian  Archipelago,' 
which  terminate  in  submarine  slopes,  inclined  at  angles 
of  between  30  and  40  degrees,  and  sometimes  even  at 
more  than  40  degrees :  every  one  knows  how  steep  such 
a  slope  would  appear  on  the  land.  Banks  of  this  nature, 
if  uplifted,  would  probably  have  nearly  the  same  ex- 
ternal form  as  the  platform  of  the  Blue  Mountains, 
where  it  abruptly  terminates  over  the  Nepean. 

Current  cleavage. — ^The  strata  of  sandstone  in  the 
low  coast  country,  and  likewise  on  the  Blue  Mountains, 
are  often  divided  by  cross  or  current  laminae,  which 
dip  in  different  directions,  and  frequently  at  an  angle 
of  forty-five  degrees.  Most  authors  have  attributed 
these  cross  layers  to  successive  small  accumulations  on 
an  inclined  surface ;  but  from  a  careful  examination  in 
some  parts  of  the  New  Red  sandstone  of  England,  I 
believe  that  such  layers  generally  form  parts  of  a  series 
of  curves,  like  gigantic  tidal  ripples,  the  tops  of  which 
have  since  been  cut  off,  either  by  nearly  horizontal 
layers,  or  by  another  set  of  great  ripples,  the  folds  of 
which  do  not  exactly  coincide  with  those  below  them. 
It  is  well  known  to  surveyors  that  mud  and  sand  are  dis- 
turbed during  storms  at  considerable  depths,  ut  least  from 
300  to  450  feet,'  so  that  the  nature  of  the  bottom  even 
becomes  temporarily  changed;  the  bottom,  also,  at  a 

*  I  have  described  these  very  cnrioiu  banks  in  the  Appendix 
(2nd  edit.  p.  265)  to  my  volume  on  the  strnctiire  of  Coral  Reefs.  I 
have  ascertained  the  inclination  of  the  edges  of  the  banks,  from 
•infonnation  given  me  by  Captain  B.  Allen,  one  of  the8arveyor8,and 
by  carefully  measuring  the  horizontal  distances  between  the  last 
sounding  on  the  bank  and  the  first  in  the  deep  water.  Widely  ex* 
tended  banks  in  all  parts  of  the  West  Indies  have  the  same  general 
form  of  surface. 

>  Bee  Martin  White,  on  *  Soundings  in  the  British  Channel/ pp.  4 
and  166. 
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Of^pa.  nerweei-  »•'  ant    '^   tfr^  m^  iwet  Ahsprvfit    u  1^ 

iicir  Lirriwt-  ant  tr^r-^'-Miiaii^  wmct  ajiP  afwr^ra"^  raft 

fioidfncmt'  piarfonis  a:  xii»  pan  of  Anstnuim  «t?  'pwrw*- 
tTBi^'d.  warn  whifTT  ioiu:  offeavd  an  xosnwrabk'  obsT^icl^ 
tc*  niif  aibenijiLb  of  tbe  niosf  maerpriaxnc  coJOin)^  t^ 
reach  xhe  ixoeriar  conntrr,  form  tie  most  siTikinc 
frsatanie  in  Ibe  s^oiorr  of  X€«ir  Scintii  Vates^  Th<^v  arr 
of  fffaaA  ifirnprngjonR  and  sre  liorderetd  br  ccsntmuoits 
liDfiE  of  lafrr  cli&.  It  is  not  easr  to  ooncaiTC  a  vnorr 
ini^rm£ceiit  epectade,  than  is  preanfT^vi  to  a  |ieiT90Vi 
walkiiisr  an  the  snramh-plains,  wimi  witbont  anT  notior 
he  arrivffi  at  the  brink  of  one  of  these  cUIEs  which  are 
BO  perpendicniar.  that  he  can  strike  with  a  sttone  (a$  I 
have  tried )  the  trBs  CTOwinir.  «t  the  de^th  of  between 
1.000  and  1.500  feet  below  him  ;  on  both  hands  ho  9eosi% 
headland  beyond  headland  of  the  receding  line  of  cHflf^ 
and  on  the  opposite  side  of  the  valley^  (rfVen  at  the 
distance  of  sereral  miles,  he  beholds  another  line  rising 
up  to  the  same  height  with  that  on  which  he  st^nd^ 
and  formed  of  the  same  horiioiLtal  stnta  of  pale  sand* 
stone.  The  bottoms  of  these  vallevB  are  moderatoly  lev*oL 
and  the  fall  of  the  rivers  flowing  in  them,  acoording  t«o 
Sir  T.  Mitchell,  is  gentle.  The  main  Talleys  oft.on  send 
into  the  platform  gre>at  bay-like  arms,  which  expand  at 
their  npper  ends ;  and  on  the  other  hand,  the  platPorm 

>  H.  Sian  on  the  *  Action  of  Wkvw  :  *  *  Sdin.  Mew  ThU.  Jonra. 
vol.  zxxi.  p.  245. 
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often  sends  promontories  into  the  valley,  and  even 
leaves  in  them  great,  almost  insalated,  masses.  So 
continuous  are  the  bounding  lines  of  cliff,  that  to 
descend  into  some  of  these  valleys,  it  is  necessary  to  go 
round  twenty  miles ;  and  into  others,  the  surveyors 
have  only  lately  penetrated,  and  the  colonist49  have  not 
yet  been  able  to  drive  in  their,  cattle.  But  the  most 
remarkable  point  of  structure  in  these  valleys,  is,  that 
although  several  miles  wide  in  their  upper  parts,  they 
generally  contract  towards  their  mouths  to  such  a  degree 
as  to  become  impassable.  The  Surveyor-General,  Sir 
T.  Mitchell,'  in  vain  endeavoured,  first  on  foot  and  then 
by  crawling  between  the  great  fallen  fragments  of  sand- 
stone, to  ascend  through  the  gorge  by  which  the  river 
Grose  joins  the  Nepean ;  yet  the  valley  of  the  Grose  in 
its  upper  part,  as  I  saw,  forms  a  magniGcent  basin  some 
miles  in  width,  and  is  on  all  sides  surrounded  by  clifife, 
the  summits  of  which  are  believed  to  be  nowhere  less 
than  3,000  feet  above  the  level  of  the  sea.  When  cattle 
are  driven  into  the  valley  of  the  Wolgan  by  a  path 
(which  I  descended)  partly  cut  by  the  colonists,  they 
cannot  escape ;  for  this  valley  is  in  every  other  part 
surrounded  by  perpendicular  cliffs,  and  eight  miles 
lower  down,  it  contracts,  from  an  average  width  of  half 
a  mile,  to  a  mere  chasm  impassable  to  man  or  beast. 
Sir  T.  Mitchell  ^  states,  that  the  great  valley  of  the  Cox 
river  with  all  its  branches  contracts,  where  it  Unites 
with  the  Nepean,  into  a  gorge  2,200  yards  wide,  and 
about  1,000  feet  in  depth.  Other  similar  cases  might 
have  been  added. 

The  first  impression,  from  seeing  the  correspondence 


>  *  Travels  in  Aastralia,'  vol.  i.  p.  154. — I  must  express  my  obliga- 
tion to  Sir  T.  Mitchell,  for  several  interesting  personal  commanica* 
tions  on  the  subject  of  these  great  valleys  of  New  South  Wales. 

*  •  Idem;  vol.  ii.  p.  358. 
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of  the  horizontal  strata,  on  each  side  of  these  valleys 
and  great  amphitheatre-like  depressions,  is  that  they 
have  been  in  chief  part  hollowed  ont,  like  other 
valleys,  by  aqneons  erosion ;  but  when  one  reflects  on 
the  enormons  amount  of  stone,  which  on  this  view 
must  have  been  removed,  in  most  of  the  above  cases 
throngh  mere  gorges  or  chasms,  one  is  led  to  ask 
whether  these  spaces  may  not  have  subsided.  But  con- 
sidering the  form  of  the  irregularly  branching  valleys, 
and  of  the  narrow  promontories,  projecting  into  them 
from  the  platforms,  we  are  compelled  to  abandon  this 
notion.  To  attribute  these  hollows  to  alluvial  action, 
would  be  preposterous;  nor  does  the  drainage  firom 
the  summit-level  always  fall,  as  I  remarked  near 
the  Weatherboard,  into  the  head  of  these  valleys,  but 
into  one  side  of  their  bay-like  recesses.  Some  of  the 
inhabitants  remarked  to  me,  that  they  never  viewed 
one  of  tliese  bay-like  recesses,  with  the  headlands  re- 
ceding on  both  hands,  without  being  struck  with  their 
resemblance  to  a  bold  sea-coast.  This  is  certainly  the 
case ;  moreover,  the  numerous  fine  harbours,  with  theii 
widely  branching  arms,  on  the  present  coast  of  New 
South  Wales,  which  are  generally  connected  with  tht 
sea  by  a  narrow  mouth,  from  one  mile  to  a  quarter  of  k 
mile  in  width,  passing  through  the  sandstone  coast-cliffs, 
present  a  likeness,  though  on  a  miniature  scale,  to  the 
great  valleys  of  the  interior.  But  then  immediately 
occurs  the  startling  difiiculty,  why  has  the  sea  worn  out 
these  great,  though  circumscribed,  depressions  on  a 
wide  platform,  and  left  mere  gorges,  through  which 
the  whole  vast  amount  of  triturated  matter  must  have 
been  carried  away?  The  only  light  I  can  throw  on 
this  enigma,  is  by  showing  that  banks  appear  to  be 
forming  in  'some  seas  of  the  most  irregular  forms,  and 
that  the  sides  of  such  banks  are  so  steep  (as  before 
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different  parts  of  the  whole  island;  from  the  same 
aathority,  I  may  add,  that  on  the  north-eastern  coast  and 
in  Bass'  Straits  primary  rocks  extensively  occur. 

The  shores  of  Storm  Bay  are  skirted,  to  the  height 
of  a  few  hundred  feet,  by  strata  of  sandstone,  contain- 
ing pebbles  of  the  formation  just  described,  with  its 
characteristic  fossils,  and  therefore  belonging  to  a  sub- 
sequent age.  These  strata  of  sandstone  often  pass  into 
shale,  and  alternate  with  layers  of  impure  coal ;  they 
have  in  many  places  been  violently  disturbed.  Near 
Hobart  Town,  I  observed  one  dike,  nearly  a  hundred 
yards  in  width,  on  one  side  of  which  the  strata  were 
tilted  at  an  angle  of  60^,  and  on  the  other  they  were 
in  some  parts  vertical,  and  had  been  altered  by  the 
effects  of  the  heat.  On  the  west  side  of  Storm  Bay,  I 
found  these  strata  capped  by  streams  of  basaltic  lava 
with  olivine ;  and  close  by  there  was  a  mass  of  brecci- 
ated  soorias,  containing  pebbles  of  lava,  which  probably 
marks  the  place  of  an  ancient  subumrine  crater.  Two 
of  these  streams  of  basalt  were  separated  from  each 
other  by  a  layer  of  argillaceous  wacke,  which  could  be 
traced  passing  into  partially  altered  scoriaB.  The 
wacke  contained  numerous  rounded  grains  of  a  soft, 
grass-green  mineral,  with  a  waxy  lustre,  and  translu- 
cent on  its  edges:  under  the  blowpipe  it  instantly 
blackened,  and  the  points  fused  into  a  strongly  magnetic, 
black  enamel.  In  these  characters,  it  resembles  those 
masses  of  decomposed  olivine,  described  at  St.  Jago  in 
the  Gape  de  Verde  group  ;  and  I  should  have  thought 
that  it  had  thus  originated,  had  I  not  found  a  similar 
substance,  in  cylindrical  threads,  within  the  cells  of  the 
vesicular  basalt, — a  state  under  which  olivine  never 
appears  ;  this  substance,^  I  believe,  would  be  classed  as 
bole  by  mineralogists. 

>  GUoropbeite,  described  by  Dr.  liacCoUoch  (*  Western  Islands,* 
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Trwoeriu^    wixh     eidimti    fioMia. — Behind    Hohait 
Town  thfire  is  a  small  quarry  of  a  hard  travertin^  the 
lower  strata  of  which  abomid  with  distinct  impressions 
of  leaves.     Mr.  E<L»bert  Brown  had   the  kindness  to 
look  at  my  speciisens,  and  he  informed  me  that  thei^ 
are  four  or  &y^  kii^ds,  none  of  which  he  recc^ises  as 
belonging  to  existing  species.     The  most   remarkHhle 
leaf  is  palmate,  like  that  of  a  &n-pahn.  and  no  plant 
having  leaves  of  this  structure  has  hitherto  been  dis-> 
ooveied  in  Tan  Diemen  s  Land.     The  other  leaves  do 
not  resemble  the  most  nsnaJ  form  of  the  Eucalyptus, 
(of  which  tribe  the  eiisting  forests  are  chiefly  com* 
posed,)  nor  do  they  resemble  that  class  of  exceptions  to 
the  common  form  of  the  leaves  of  the  Eucalyptus,  which 
occur  in  this  island.      The  travertin  containing  this 
remnant  of  a  lost  vegetation,  is  of  a  pale  yellow  colour, 
hard,  and  in  parts  even  crystalline ;  but  not  compact, 
and  is  evezywhere  penetrated   by  minute,  tortuous, 
cylindrical  pores.      It  contains  a  veiy  few  pebbles  of 
quartz,  and  occasionally  layers  of  chalcedouic  nodules, 
like  those  of  chert  in  our  Greensand.     From  the  pure- 
ness  of  this  calcareous  rod^  it  has  been  searched  for  in 
other  places,   but  has  never  been  found.     From  this 
circumstance,  and  from  the  character  of  the  deposit,  it 
was  probably  formed  by  a  calcareous  spring  entering  a 
small  pool  or  narrow  creek.     The  strata  have  subse- 
quently been  tilted  and  fissured ;  and  the  surface  has 
been  covered  by  a  singular  mass,  with  which,  also,  a 
large  fissure  has  been  filled  up,  formed  of  balls  of  trap 
embedded  in  a  mixture  of  wacke  and  a  white,  earthy, 
alumino-calcareous  substance.     Hence  it  would  appear, 

vol.  i.  p.  604)a6occnrring  in  a  basaltic  amygdaloid,  differs  from  this 
sabstanoe,  in  remaining  unchanged  before  the  blowpipe,  and  In 
blackening  from  exposure  to  the  air.  Hay  we  suppose  that  oliTine, 
in  undergoing  the  remarkable  change  described  at  St.  Jago,  passes 
tliioagh  several  states  1 
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as  if  a  volcanic  eruption  had  taken  place  on  the  borders 
of  the  pool,  in  which  the  calcareous  matter  was  deposit- 
ing, and  had  broken  it  up  and  drained  it. 

Elevation  of  the  land, — Both  the  eastern  and 
western  shores  of  the  bay,  in  the  neighbourhood  of 
Hobart  Town,  are  in  most  parts  covered  to  the  height 
of  thirty  feet  above  the  level  of  high-water  mark,  with 
broken  shells,  mingled  with  pebbles.  The  colonists 
attribute  these  shells  to  the  aborigines  having  carried 
them  up  for  food :  undoubtedly,  there  are  many  large 
mounds,  as  was  pointed  out  to  me  by  Mr.  Frankland, 
which  have  been  thus  formed;  but  I  think  from  the 
numbers  of  the  shells,  from  their  frequent  small  size, 
from  the  manner  in  which  they  are  thinly  scattered, 
and  from  some  appearances  in  the  form  of  the  land, 
that  we  must  attribute  the  presence  of  the  greater 
number  to  a  small  elevation  of  the  land.  On  the  shore 
of  Ralph  Bay  (opening  into  Storm  Bay)  I  observed  a 
continuous  beach  about  fifteen  feet  above  high-water 
mark,  clothed  with  vegetation,  and  by  digging  into  it, 
pebbles  encrusted  with  Serpulaa  were  found  :  along  the 
banks,  also,  of  the  river  Derwent,  I  found  a  bed  ot 
broken  sea  shells  above  the  surface  of  the  river,  and  at 
a  point  where  the  water  is  now  much  too  fresh  for  sea- 
shells  to  live ;  but  in  both  these  cases,  it  is  just  possible, 
that  before  certain  spits  of  sand  and  banks  of  mud  in 
Storm  Bay  were  accumulated,  the  tides  might  have 
risen  to  the  height  where  we  now  find  the  shells.^ 

I  It  would  appear  that  some  changes  are  now  in  progress  in  Ralph 
Bay,  for  I  was  assured  by  an  inrel%ent  farmer,  that  oysters  were 
formerly  abundant  in  it,  bat  that  about  the  year  1834  Uiey  had,  with- 
out any  apparent  cause,  disappeared.  In  the  *  Transactions  of  the 
Maryhuid  Academy'  (vol.  i.  part  i.  p.  28),  there  is  an  account  by  Mr. 
Bucatel,  of  vaat  beds  of  oysters  and  clams  having  been  destroyed  by 
the  gradual  filling  up  of  the  shallow  lagoons  and  channels,  on  the  shores 
of  the  southern  United  States.  At  Chiloe,  in  South  America,  I  heard 
of  a  similar  loss,  sustained  b?  the  inhabitants,  in  the  di«tappearaiioe 
from  one  part  of  the  coast  of  an  edible  species  of  Ascidia. 
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Evidence  more  or  less  distinct  of  a  change  of  level 
between  the  land  and  water,  has  been  detected  on 
almost  all  the  land  on  this  side  of  the  globe.  Capt. 
Grey,  and  other  travellers,  have  found  in  southern 
Australia  upraised  shells,  belonging  either  to  the  recent, 
or  to  a  late  tertiary  period.  The  French  naturalists 
in  Baudin's  expedition,  found  shells  similarly  circum- 
stanced on  the  S.  W .  coast  of  Australia.  The  Rev.  W.  B. 
Clarke '  finds  proofs  of  the  elevation  of  the  land,  to  the 
amount  of  400  feet,  at  the  Cape  of  Good  Hope.  In  the 
neighbourhood  of  the  Bay  of  Islands  in  New  Zealand,* 
I  observed  that  the  shores  were  scattered  to  some  height, 
as  at  Van  Dieinen's  Land,  with  sea-shells,  which  the 
colonists  attribute  to  the  natives.  Whatever  may  have 
been  the  origin  of  these  shells,  I  cannot  doubt,  after 
having  seen  a  section  of  the  valley  of  the  Thames  River 
(37°  S.),  drawn  by  the  Rev.  W.  Williams,  that  the  land 
has  been  there  elevated  :  on  the  opposite  sides  of  this 
great  valley,  three  step-like  terraces,  composed  of  an 
enormous  accumulation  of  rounded  pebbles,  exactly 
correspond  with  each  other :  the  escarpment  of  each 
terrace  is  about  fifty  feet  in  height.  No  one  after 
having  examined  the  terraces  in  the  valleys  on  the 


'  <  Proceedings  of  the  Geological  Society/  vol.  iii.  p.  420. 

'  I  will  here  give  a  catalogue  of  the  rodLs  which  I  met  with  near 
the  Bay  of  Islands,  in  New  Zealand : — l8t»  Mach  basaltic  lava,  and 
ftooriform  rocks,  forniing  distinct  craters ; — 2nd,  A  castellated  hill  of 
horizontal  strata  of  flesh-coloared  limestone,  showing  when  fractured 
distinct  crystalline  facets:  the  rain  has  acted  on  this  rock  in  a 
remarkable  manner,  corroding  its  surface  into  a  miniature  model  of 
an  Alpine  oountiy :  I  observed  here  layers  of  chert  and  clay  iron- 
stone ;  and  in  the  bed  of  a  stream,  pebbles  of  clay-slate ; — 3nl,  The 
shores  of  Uie  Bay  of  Islands  are  formed  of  a  feldspathic  rock,  of  a 
bluish'g^y  colour,  o^n  much  decomposed,  with  an  angular  frac- 
ture, and  crossed  by  numerous  ferruginous  seams,  but  without  any 
distinct  stratification  or  cleavage.  Some  varieties  are  highly 
oiystalline, and  would  at  once  be  pronounced  to  be  trap;  otihert 
strikingly  resembled  clay-slate,  slightly  altered  by  heat :  I  ¥ra8  un- 
able to  form  any  decided  opinion  on  this  formation. 
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western  shores  of  South  America,  which  are  strewed 
with  sea-shells,  and  have  been  formed  during  intervals 
of  rest  in  the  slow  elevation  of  the  land,  could  doubt 
that  the  New  Zealand  terraces  have  been  similarly 
formed.  I  may  add,  that  Dr.  Diefienbach,  in  his  de- 
scription of  the  Chatham  Islands,^  (S.W.  of  New  Zealand) 
states  that  it  is  manifest  ^  that  the  sea  has  left  many 
places  bare  which  w«:e  once  covered  by  its  waters.' 

KinQ  Oeorge^s  Sound, 

This  settlement  is  situated  at  the  south-western 
angle  of  the  Australian  continent :  the  whole  country 
is  granitic,  with  the  constituent  minerals  sometimes 
obscurely  arranged  in  straight  or  curved  laminsB.  In 
these  cases,  the  rock  would  be  called  by  Humboldt, 
gneiss-granite,  and  it  is  remarkable  that  the  form  of 
the  bare  conical  hills,  appearing  to  be  composed  of 
great  folding  layers,  strikingly  resembles,  on  a  small 
scale,  those  composed  of  gneiss-granite  at  Rio  de  Janeiro, 
and  those  described  by  Humboldt  at  Venezuela.  These 
plutonic  rocks  are,  in  many  places,  intersected  by  trap* 
pean-dikes ;  in  one  place,  I  found  ten  parallel  dikes 
ranging  in  an  E.  and  W.  line ;  and  not  far  off  another 
set  of  eight  dikes,  composed  of  a  different  variety  of 
trap,  ranging  at  right  angles  to  the  former  ones.  I 
have  observed  in  several  primary  districts,  the  occur- 
rence of  systems  of  dikes  parallel  and  close  to  each  other. 

Superficial  ferruginous  beds. — ^The  lower  parts  of 
the  country  are  everywhere  covered  by  a  bed,  following 
the  inequalities  of  the  surface,  of  a  honeycombed  sand- 
stone, abounding  with  oxides  of  iron.  Beds  of  nearly 
similar  composition  are  common,  I  believe,  along  the 
whole  western  coast  of  Australia,  and  on  many  of  the 

I  '  Geogmpbical  Jonrnal,*  vol.  zi.  pp.  202,  205. 
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East  Indian  islands.  At  the  Cape  of  Good  Hope,  at 
the  base  of  the  mountains  formed  of  granite  and  capped 
with  sandstone,  the  ground  is  eveiywhere  coated  either 
by  a  fine-grained,  rubbly,  ochraoeous  mass,  like  that  at 
King  George's  Sound,  or  by  a  coarser  sandstone  with 
fragments  of  quartz,  and  rendered  hard  and  heavy  by 
an  abundance  of  the  hydrate  of  iron,  which  presents, 
when  freshly  brokeu,  a  metallic  lustre.  Both  these 
varieties  have  a  very  irregular  texture,  including  spaces 
either  rounded  or  angular, ' full  of  loose  sand;  from 
this  cause  the  surface  is  always  honey-combed.  The 
oxide  of  iron  is  most  abundant  on  the  edges  of  the 
cavities,  where  alone  it  affords  a  metallic  fracture.  In 
these  formations,  as  well  as  in  many  true  sedimentary 
deposits,  it  is  evident  that  iron  tends  to  become  aggre- 
gated, either'  in  the  form  of  a  shell,  or  of  a  netwcrk. 
The  origin  of  these  superficial  beds,  though  sufficiently 
obscure,  seems  to  be  due  to  alluvial  action  on  detritus 
abounding  with  iron. 

Superficial  calcare(y»i8  deposit. — ^A  calcareous  de- 
posit on  the  summit  of  Bald  Head,  containing  branched 
bodies,  supposed  by  some  authors  to  have  been  corals,  has 
been  celebrated  by  the  descriptions  of  many  distinguished 
voyagers.*  It  folds  round  and  conceals  irregular  hum- 
mocks of  granite,  at  the  height  of  600  feet  above  the 
level  of  the  sea.  It  varies  much  in  thickness ;  where 
stratified,  the  beds  are  ofoen  inclined  at  high  angles, 
even  as  much  as  at  80  degrees,  and  they  dip  in  all 
directions.  These  beds  are  sometimes  crossed  by 
oblique  and  even-sided  laminsD^  The  deposit  consists 
either  of  a  fine,  white,  calcareous  powder,  in  which  not 
a  trace  of  structure  can  be  discovered,  or  of  exceedingly 
minute,  rounded  grains,  of  brown,  yellowish,  and  pur- 

I  visited  this  hill,  in  company  with  Captain  FitsBoy,  and  wa 
came  to  a  similar  conclasion  regarding  these  branching  bodies. 
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would  Daturally  result  that  the  inferior  primary  rocks 
would  often  be  uplifted  and  brought  into  view. 

Some  authors  have  remarked  that  volcanic  islands 
occur  scattered,  though  at  very  unequal  distances,  along 
the  shores  of  the  great  continents,  as  ifin  some  measure 
connected  with  them.  In  the  case  of  Juan  Fernandez, 
situated  330  miles  from  the  coast  of  Chile,  there  was 
undoubtedly  a  connection  between  the  volcanic  forces 
acting  under  this  island  and  under  the  continent,  as 
was  shown  during  the  earthquake  of  1835.  The 
islands,  moreover,  of  some  of  the  small  volcanic  groups 
which  thus  border  continents,  are  placed  in  lines,  re- 
lated to  those  along  which  the  adjoining  shores  of 
the  continents  trend;  I  may  instance  the  lines  of 
intersection  at  the  Galapagos,  and  at  the  Gape  de 
Verde  Archipelagos,  and  the  best  marked  line  of  the 
Ganary  Islands.  If  these  facts  be  not  merely  accidental, 
we  see  that  many  scattered  volcanic  islands  and  small 
groups  are  related  not  only  by  proximity,  but  in  the 
direction  of  the  fissures  of  eruption  to  the  neighbouring 
continents — ^a  relation,  which  Von  Buch  considers,  cha- 
racteristic of  his  great  volcanic  chains. 

In  volcanic  archipelagos,  the  orifices  are  seldom  in 
activity  on  more  than  one  island  at  a  time ;  and  the 
greater  eruptions  usually  recur  only  afber  long  intervals. 
Observing  the  number  of  craters,  that  are  usually  found 
on  each  island  of  a  group,  and  the  vast  amount  of 
matter  which  has  been  erupted  from  them,  one  is  led 
to  attribute  a  high  antiquity  even  to  those  groups,  which 
appear,  like  the  Galapagos,  to  be  of  comparatively  recent 
origin.  This  conclusion  accords  with  the  prodigious 
amount  of  degradation,  by  the  slow  action  of  the  sea, 
which  their  originally  sloping  coasts  must  have  sufiered, 
when  they  are  worn  back,  as  is  so  often  the  case,  into 
grand  precipices.     We  ought  not,  however  to  snppose, 
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in  hardly  any  instance,  that  the  whole  body  of  matter, 
forming  a  volcanic  island,  has  been  erupted  at  the 
level,  on  which  it  now  stands :  the  number  of  dikes, 
which  seem  invariably  to  intersect  the  interior  parts  of 
every  volcano,  show,  on  the  principles  explained  by 
M.  Elie  de  Beaumont,  that  the  whole  mass  has  been 
uplifted  and  fissured.  A  connection,  moreover,  between 
volcanic  eruptions  and  contemporaneous  elevations  in 
mass  *  has,  I  think,  been  shown  to  exist,  in  my  work  on 
Coral  Reefs,  both  from  the  frequent  presence  of  upraised 
organic  remains,  and  from  the  structure  of  the  accom- 
panying coral-reefs.  Finally,  I  may  remark,  that  in 
the  same  Archipelago,  eruptions  have  taken  place  within 
the  historical  period  on  more  than  one  of  the  parallel 
lines  of  fissure :  thus,  at  the  Galapagos  Archipelago, 
eruptions  have  taken  place  from  a  vent  on  Narborough 
Island,  and  from  one  on  Albemarle  Island,  which  vents 
do  not  fall  on  the  same  line ;  at  the  Canary  Islands, 
eruptions  have  taken  place  in  Teneriffe  and  Lanzarote  ; 
and  at  the  Azores,  on  the  three  parallel  lines  of  Pico, 
St.  Jorge,  and  Terceira.  Believing  that  a  mountain- 
axis  differs  essentially  from  a  volcano,  only  in  plutonic 
rocks  having  been  injected,  instead  of  volcanic  matter 
having  been  ejected,  this  appears  to  me  an  interesting 
circumstance ;  for  we  may  infer  from  it  as  probable, 
that  in  the  elevation  of  a  mountain-chain,  two  or  more 
of  the  parallel  lines  forming  it  may  be  upraised  and 
injected  within  the  same  geological  period. 

'  A  similar  conclusion  is  forced  on  us,  by  the  phenomena,  which 
accompanied  the  earthquake  of  1836,  at  Conception,  and  which  are 
detailed  in  my  paper  (voL  v.  p.  601)  in  the  '  Qeological  Tiansoctions.* 
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casts  on  Bald  Head ;  for  it  is  certain,  that  many  cen- 
turies must  have  elapsed  since  the  thickets  were  buried ; 
at  present,  owing  to  the  form  and  height  of  the  narrow 
promontory,  no  sand  is  drifted  up,  and  the  whole  sur- 
face, as  I  have  remarked,  is  wearing  away.  We  must, 
therefore,  look  back  to  a  period  when  the  land  stood 
lower,  of  which  the  French  naturalists '  found  evidence 
in  upraised  shells  of  recent  species,  for  the  drifting  on 
Bald  Head  of  the  calcareous  and  quartzose  sand,  and 
the  consequent  embedment  of  the  vegetable  remains. 
There  was  only  one  appearance  which  at  first  made  me 
doubt  concerning  the  origin  of  the  cast, — namely,  that 
the  finer  roots  from  different  stems  sometimes  became 
united  together  into  upright  plates  or  veins ;  but  when 
the  manner  is  borne  in  mind  in  which  fine  roots  often 
fill  up  cracks  in  hard  earth,  and  that  these  roots  would 
decay  and  leave  hollows,  as  well  as  the  stems,  there  is 
no  real  difiiculty  in  this  case.  Besides  the  calcareous 
branches  from  the  Cape  of  Good  Hope,  I  have  seen 
casts,  of  exactly  the  same  forms,  from  Madeira'  and 

»  See  M.  P6ron'fl  *  Voyage/  torn.  i.  p.  204. 

■  Dr.  J.  Macaalay  has  fully  descril^d  (*  Edinb.  New  Phil.  Jonm.' 
vol.  xzix.  p.  350)  the  casts  from  Madeira.  He  considers  (differently 
from  Mr.  Smith  of  Jordan  Hill)  these  bodies  to  be  corals,  and  the  cal- 
careous deposit  to  be  of  subaqueous  origin.  His  arguments  chiefly 
rest  (for  his  remarks  on  their  structure  are  vagae)  on  the  great 
quantity  of  the  calcareous  matter,  and  on  the  casts  containing  animal 
matter,  as  shown  by  their  evolving  ammonia.  Had  Dr.  Macaulay 
seen  the  enormous  masses  of  rolled  particles  of  shells  and  corals  on 
the  beach  of  Ascension,  and  especially  on  coral-reefs ;  and  had  he 
reflected  on  the  effects  of  long-continued,  gentle  winds,  in  drifting 
up  the  finer  particles,  he  would  hardly  have  advanced  the  argament 
of  quantity,  which  is  seldom  trustworthy  in  geology.  If  the  calca- 
reous matter  has  originated  from  disintegrated  shells  and  corals,  the 
presence  of  animal  matter  is  what  might  have  been  exi.'ect«d.  Mr. 
Anderson  analyzed  for  Dr.  Macaulay  part  of  a  cast,  and  he  found  il 
composed  of — 

Carbonate  of  lime 78*16 

SUica 11*90 

Phosphate  of  lime 8*81 

Animal  matter     •••••••      4*25 

Sulphate  of  lime         ••••••    ft  trace 
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froni  3ieTinnd;i :  a:  tiii-  iaTtor  piaci .  t!h'  smronTnliac' 
caicareoDR  rock.-,  jndinuir  tran.  tiif  stuuuiiioii>  roliorr^ti 
ir  Idem.  !Xt?isoii,  ar-  likewi^t  sbnilai-.  a>  i^  Thrtii*  ruH- 
aenii  lormanoi..  lienertinr  oii  tlu-  fitratinranoi.  u\ 
til*'  deposr  oi  La'iv.  lieau, — oi  tht  iTTeiruiari  uitt^t*- 
nan  Til,'  iaTtT>  <:>t  BUDsuuasniiti  rocii, — cai  tiit*  miilhnuTv 
eizeL.  aau  ronDtir-  parii:*ie>.  appareiiT:  i\\  Re:*  sht-.ils 
ana  coraL-. — on  tiie  aDunaanct^  oi"  iaiitH-si:tiii>thTourriiour 
tii**  mas^. — and  nnal;\ .  oi.  th*  aos^oiuit-  resenihianri-  of 
tb*^'  caicareoDs  cast.-.  t<  the  Ktnmp.-.  root>.  and  ftraiicii^fi 
o*  uia:  kinu  o!  veiretatioLi,  wiiicii  wouk.  irmw  on  {sand- 
ixliloL:K:^.  I  thim^  tuert-  caii  0-  n<'  TeasonabJi-  donl»i, 
iiorwitnstandiiiL'  tii"  diiitTen;  opinion  iu  t^onif  aut.iioTi», 
tna*  11  tmt-  vie\\  (>!  tiieir  oriiriii  iias  been  here  iriven, 

Cidcareous  aep* >sit.^.  ILtr  thest  o*  Xini  txennrt-.'s 
Sound,  art'  of  vas'  extent  on  tiit-  Australian  sliore.s. 
l>r.  Fitton  remari3:f^,  tkat  'recent  calcareous  hrerrm  (  hv 
which  tenii  al.  tnett'  aeposit.-^  an*  included'  was  lonnd 
duriui:  Baudius  voyap'f.  over  i\  spact-  o*'  iic  les>  than 
!:*»  deirrees  cif  latitude*  and  an  eauai  extent  of  iomritudi-, 

-*■  K 

OI.  tii--  Bouthern.  wesTern.  and  nortii-westrm  cojif^ts.  '^ 
It  appears  aisn  from  AI  }*eron.  witi:  whose  oliservations 
and  opinion^  on  th**  oritrin  c"  tijt^  caicareou>  matter  and 
branehiui:  cast>  mint-  entirely  accord,  that  thi-  deposit 
i>  erene rally  niucL  more  continuous  than  near  Kimr 
Geor«r*^'>  iSound.  At  Swan  lliver,  Archdeiiron  Scott*'^ 
Btat-es-  that  in  ow  part  it  extend>  ten  ndles  inland. 
Captain  Wickham.  moreover.  infoITn^  m«*  tlint  dnTini2f 
\x\>  late  surve\  of"  the  western  coast,  th^-  bottom  of  tiie 

■  for  anipit  cieLaii^  or  thi^  fommtioii.  oonfnil:  T>t.  FittorV 
*  AT»i»t*n'ir::  i-  Citpt  Kiij::V  V oy afre  '  i»r  Finoij  i^  mclinpu  10 
atiiiDui'  «i  «»juci«'ioxmr\  oruriL  t*-  tht-  drancinn..  boilu>>:  1  ma^ 
reiuaTL.  ttiat  ]  iiav«-  Keen  lu  bed-  cf  sani:  in  La  Plai.'i  rylin. !nr;»l 
■t€ui«»  wuicij  lio  uouin  tJin>  orij'inate.t :  bin  thr\  (lil^prr*!  mnrh  11, 
api>eanuict'  liuu.  Liiehf  a:  Baia  Hc^u,  anu  the  othr:  piacr^N  Atnivo 

-  *  I'roceedju^'s  of  &eolo^\  Soc."  ▼ol.  i.  p  82U, 
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sea,  wherever  the  vessel  anchored,  was  ascertained  by 
crow-bars  being  let  down,  to  consist  of  white  calcareous 
matter.  Hence  it  seems  that  along  this  coast,  as  at 
Bermuda  and  at  Keeling  Atoll,  submarine  and  sub- 
aerial  deposits  are  contemporaneously  in  process  of 
formation,  from  the  disintegration  of  marine  organic 
bodies.  The  extent  of  these  deposits,  considering  their 
origin,  is  very  striking ;  and  they  can  be  compared  in 
this  respect  only  with  the  great  coral-reefs  of  the  Indian 
and  Pacific  Oceans.  In  other  parts  of  the  world, 
for  instance  in  South  America,  there  are  superfidai 
calcareous  deposits  of  great  extent,  in  which  not  a  trace 
of  organic  structure  is  discoverable ;  these  observations 
would  lead  to  the  enquiry,  whether  such  deposits  may 
not,  also,  have  been  formed  from  disintegrated  shells 
and  corals. 

Cape  of  Good  Hope. 

After  the  accounts  given  by  Barrow,  Carmichael, 
Basil  Hall,  and  W.  B.  Clarke  of  the  geology  of  this 
district,  I  shall  confine  myself  to  a  few  observations  on 
the  junction  of  the  three  principal  formations.  The 
fundamental  rock  is  granite,*  overlaid  by  clay-slate : 
the  latter  is  generally  hard,  and  glossy  from  containing 
minute  scalee  of  mica ;  it  alternates  with,  and  passes 
into,  beds  of  slightly  crystalline,  feldspathic,  slaty  rock. 
This  clay-slate  is  remarkable  from  being  in  some  places 
(as  on  the  Lion's  Rump)  decomposed,  even  to  the  depth 
of  twenty  feet,  into  a  pale-coloured,  sandstone-like  rock, 
which  has  been  mistaken,  I  believe,  by  some  observers, 

*  In  several  places  I  observed  in  the  granite,  small  dark-coloured 
balls,  composed  of  minute  scales  of  black  mica  in  a  tough  basis.  In 
another  place,  I  found  crystals  of  black  schorl  radiating  from  a 
common  centre.  Dr.  Andrew  Smith  found,  in  the  interior  parts  of 
the  country,  some  beautiful  specimens  of  granite,  with  silvery  mica 
radiating  or  rather  branching,  like  moss,  from  central  points.  At 
the  Geological  Society,  there  are  specimens  of  granite  with  crystallised 
feldspar  branching  and  rad  at  lug  in  like  manner. 
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for  a  separate  formation.  I  was  guided  by  Dr.  Andrew 
Smith  to  a  fine  junction  at  Green  Point  between  tho 
granite  and  clay-slate :  the  latter  at  the  distance  of  a 
quarter  of  a  mile  from  the  spot,  where  the  granite 
appears  on  the  beach  (though,  probably,  the  granite  is 
much  nearer  underground),  becomes  slightly  more  com- 
pact and  crystalline.  At  a  less  distance,  some  of  the 
beds  of  clay- slate  are  of  a  homogeneous  texture,  and 
obscurely  striped  with  different  zones  of  colour,  whilst 
others  are  obscurely  spotted.  Within  a  hundred  yards 
of  the  first  vein  of  granite,  the  clay-slate  consists  of 
several  varieties ;  some  compact  with  a  tinge  of  purple, 
others,  glistening  with  numerous  minute  scales  of  mica 
and  imperfectly  crystallised  feldspar;  some  obscurely 
granular,  others  porphyritic  with  small,  elongated  spots  of 
a  soft  white  mineral,  which  being  easily  corroded,  gives 
to  this  variety  a  vesicular  appearance.  Close  to  the 
granite,  the  clay-slate  is  changed  into  a  dark-coloured, 
laminated  rock,  having  a  granular  fracture,  which  is 
due  to  imperfect  crystals  of  feldspar,  coated  by  minute, 
brilliant,  scales  of  mica. 

The  actual  junction  between  the  granitic  and  clay- 
slate  districts  extends  over  a  width  of  about  200  yards, 
and  consists  of  irregular  masses  and  of  numerous  dikes 
of  granite,  entangled  and  surrounded  by  the  clay-slate : 
most  of  the  dikes  range  in  a  NW.  and  SE.  line, 
parallel  to  the  cleavage  of  the  slate.  As  we  leave  the 
junction,  thin  beds,  and  lastly,  mere  films  of  the  altered 
clay-slate  are  seen,  quite  isolated,  as  if  floating,  in  the 
coarsely-crystallised  granite;  but  although  completely 
detached,  they  all  retain  traces  of  the  uniform  NW« 
and  SE.  cleavage.  This  fact  has  been  observed  in 
other  similar  cases,  and  has  been  advanced  by  some 
eminent  geologists,'  as  a  great  difficulty  on  the  ordinary 

>  See  M.  Kettbaa'8  '  Theory  on  Granite/  tnuulated  in  the  '  Sdiii* 
Iraigh  New  Philosophical  Journal,*  vol.  xziv.  p.  402« 
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theory,  of  granite  having  been  injected  whilst  liquefied ; 
but  if  we  reflect  on  the  probable  state  of  the  lower 
surface  of  a  laminated  mass,  like  clay-slate,  after  having 
been  violently  arched  by  a  body  of  molten  granite,  we 
may  conclude  that  it  would  be  full  of  fissures  parallel 
to  the  planes  of  cleavage;  and  that  these  would  be 
filled  with  granite,  so  that  wherever  the  fissures  were 
close  to  each  other,  mere  parting  layers  or  wedges  of 
the  slate  would  depend  into  the  granite.  Should, 
therefore,  the  whole  body  of  rock  afterwards  become 
worn  down  and  denuded,  the  lower  ends  of  these  de- 
pendent masses  or  wedges  of  slate  would  be  left  quite 
isolated  in  the  granite ;  yet  they  would  retain  their 
proper  lines  of  cleavage,  from  having  been  united, 
whilst  the  granite  was  fluid,  with  a  continuous  covering 
of  clay-slate. 

Following,  in  company  with  Dr.  A.  Smith,  the  line 
of  junction  between  the  granite  and  the  slate,  as  it 
stretched  inland,  in  a  SE.  direction,  we  came  to  a 
place,  where  the  slate  was  converted  into  a  fine-grained, 
perfectly  characterised  gneiss,  composed  of  yellowish- 
brown  granular  feldspar,  of  abundant  black  brilliant 
mica,  and  of  few  and  thin  laminae  of  quartz.  From 
the  abundance  of  the  mica  in  this  gneiss,  compared 
with,  the  small  quantity  and  excessively  minute  scales, 
in  which  it  exists  in  the  glossy  clay-slate,  we  must 
conclude,  that  it  has  been  here  formed  by  the  meta- 
morphic  action — a  circumstance  doubted,  under  nearly 
similar  circumstances,  by  some  authors.  The  laminas 
of  the  clay-slate  are  straight ;  and  it  was  interesting  to 
observe,  that  as  they  assumed  the  character  of  gneiss, 
they  became  undulatory  with  some  of  the  smaller 
flexures  angular,  like  the  laminae  of  many  true  meta- 
uiorphic  schists. 

Sandstone  formation. — Thi?    formation    makes   the 


nii.^.  TIL  SafiduoHC  J^orntaiiOK,  d  l  p 

most  inrj^osmir  leamrt'  m  liie  oreo>.irr^  of  Sontiitrm 
Africa.  Tii^  Errari.  ar-  ir  many  pa^^i^  iiorijwniial.  and 
arraiii  t  tiiickii*-s^  c'  ^iK-ni  I.  J'"  it*^.  Tut-  saiidsionf 
varit*>  ri.  ciiiiT-LCKfr  :  it  conTi.THF  iirLir  -eartii^  nian«er, 
inn  if  oiitfL  f;.  -iiec  will  itol  :  bnuK  c  liii-  t»ra-  ari- 
vf^  nut— :rr.i.iii'-i-  and  umw  wmit  :  oUle^^  art  a.-  t*on#- 
pa^rr  aiu.  iiQm«Ji»ent?uu.-  a^  uuarc-  nrju.  In  tiomt-  places' 
1  oOeerrec  a  Drecciii  of  Quaixz.  ivrth  tiHr  fr»frn«aiTs 
aimosT  dis^'jivtic:  ii  i*  Eilitvouf^  paste  Broad  veiiif-  of 
quartz,  oi'tei.  inciudm;:  iari?t  aiu.  jieriecT  trvBUUfc.  are 
xerv  iiuiueraii&  :  and  it  it  -eTiuent  ir  ueanv  aL  tne 
Btraui.  thar  Eilici.  iiaF  i^-er  aeTK>fiii-rtC  iroin  somtioi.  in 
Temattabi*-  quant::':.  ]Vian'^  o:'  tne  vanetit^  of  quartzite 
apTHfarec  qmi't  liiie  m^^tanjorpiiic  rc»cki- :  bir  irom  tne 
iipiH?y  straLii  t^einira^  fiiiiceoufe  ai?  tii-  jower.  and  irom  tne 
nndisturbeL  i  unci  ion?  witn  tne  jrnmit-t'.  wiiicL  in  manv 
piacefc  CBL  be  examined.  I  caL  iiardiT  believe  that  tiietJe 
BandsTone^itratL  iiavr  i»eei  expof-ec  Tt  neai.^  C  to  tne 
lineb  of  luncuoL  between  tnet^e  twr .  rrpeat  iomiationf:.  I 
found  in  fievera  placet-  tne  granite  decayed  tc-  tiie 
deptL  of  a  few  incne-.  and  succHiH'ded.  eitner  bx  a  tnm 
laver  of  ferrujriuou."  feiiaie.  or  vrr  ionr  or  five  incbet  in 
tiiickness  of  tn*"  re-cemenTed  crvBtais  of  tbe  irranite.  on 
wiiicn  tn'^  trreaT  pL^  of  sandstone  iminediat'e]}  rested. 

Mr.  bcnoni burtri:  nas-  d**KCTii»ed  ^  &  great  sandstone 
furmatioL  il  nortnerL  Brazil,  resihir  on  granite,  and 
Te*«^niMnirr  t^*  a  Temariiabie  dejzre* .  in  conii position  and 
ii  tn^  exTemu:  lunn  of  tne  land,  tin!-  formation  of  tbe 
Caj»e  oi  (i<H.i:;  iio].Hr.  Tn-  tsand^ione^  of  tbe  grea?  piai- 
loruib  of  Lasi-^rr  Au<traiia.  wni'.-L  aibC-  re?T  on  trranitt:, 
difier   in    contaiuint''    m<»re    eartDv    and    ietit   fiibceoufc 

*  Tilt  lie^.  ^  L  Ciarki-.  Lowever,  Etat*e&.  tf  my  suiprKK- 
/**  &er»i«':_'.  Pruoee'ut  \r^ .  v^^^.  iii  t-  A:i'2 ..  iriiai  tae  laiiclstaiH'  in  samf 
pRrt"  1-  iKJU+^'nti*"^   f'  irraniiiv  diK«s  .  bucl  dikes  muBt  belomr  to  an 

•  •U^jgrai'i.ioa".  JtniTim'..'  vol.  at.  p  ^6. 
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matter.  No  fossil  remains  have  been  discovered  in 
these  three  vast  deposits.  Finally,  I  may  add  that  I 
did  not  see  any  boulders  of  far-transported  rocks  at 
the  Cape  of  Good  Hope,  or  on  the  eastern  and  western 
shores  of  Australia,  or  at  Van  Diemen's  Land.  In  the 
northern  island  of  New  Zealand,  I  noticed  some  large 
blocks  of  greenstone,  bat  whether  their  parent  rock  was 
far  distant,  I  had  no  opportunity  of  determining. 
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HESOEIITiaK  OF  FOSSIL  SHELLSL 
Br  G.  B.  SOWEBBT,  Es^^  FX^ 


BwEiAM  from  a  Tertiarj  deposit,  beneath  a  great  basattki 
strain,  at  St.  Ja^  in  the  Cape  de  Yeide  Aroh^pelago^ 
rBfierred  to  at  p.  6  of  this  Tolume. 

L  LUTOXDU.  FLAJTAXIB.      (r.  SoWit^ 

Tettd  mtbevatdj  crasady  Utvipatd,  anfractihu9  ^wOmoTj  tpitidit^ 
gtriatU;  aperturd  &uboivat4  ;  IMo  cotumeUnri  wfmid^ue  pairt$ 
ttimfrmtuB  ukimi  pUmatiB :.  kmg.  C^O,  lot,  0*45,  pcU, 

In  stature  and  neariy  in  fona  this  rssemhles  a  small  p«ri  winkl« ; 
it  difienB,  however,  Tery  mateiiall^  in  having  the  lower  part-  of  the 
last  volution,  and  the  adumellar  hp  as  it  were  cut  off  and  fiaitMifd, 
as  in  the  Purpam.  Among  the  reoent  shells  from  the  sam«»  locality, 
is  one  which  gieatl j  TeaemUes  this,  and  whidi  may  be  identical,  but 
which  is  a  veiy  young  shell,  and  cannot  therefore  be  strictly  com* 
pared. 

2.  CEBTTHini  .BanTLUX.     O.  Sawerhy, 

Tettd  Monga-turritdy  subvadricoidy  t^noe  fuhulato,  af^actilmi 
decern  levUer  tptnditlr  striatis,  frimis  $erie  unicd  tuhereulnmm 
ingtnustisy  tntarmediis  irregularUkr  obsoUfJk  tuherctUiftriHy  nltimA 
long^  tnc^ori  absque  tuharcnUs,  sulcis  duobua  fer^  }mmlihuti  tii- 
ttrueto;  labu  extermmai^nemternointiUerenulatot  Am^.  I'Sp 
lot.  0-7,  polL 

This  species  resembles  so  nearly  one  of  the  sboUs  brought  to- 
gether by  Lamarck,  under  the  name  of  Orithium  Vertagns,  that  at 
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"firer.  eight  I  thought  it  might  be  identical  with  it ;  it  may  be  easily 
distiiiguiohed,  however,  by  its  being  destitute  of  the  fold  in  the 
centre  of  the  columella  so  conspicuous  in  those  shells.  There  is 
only  one  specimen,  which  has  unfortunately  lost  the  lower  part  of 
the  outer  bp,  so  that  it  is  impossible  to  det-ciibe  the  form  of  the 
aperture. 

3.  Venus  simulai^s.     Q,  Sowei-hy, 

Testd  rotundatd,  ventincosd,  keviiuculd,  cr/tssd;  costts  obfusiBf 
latvuscul/s,  concentricts,  ant-icb  posticeque  tuberculatitn  solutis  ; 
area  cardimili  posticd  altera  valves  latiusculd;  impressione 
subumbonali  posticd  circulari:  long.  1*8^  alt,  1*8,  lat.  1*5, 
poll, 

A  shell  which  is  intermediate  in  its  characters,  taking  its 
place  between  the  Venus  verrucosa  of  the  British  Channel  and  the 
F.  rosalina  of  Rang  of  the  western  coast  of  Africa,  but  suiiiciently 
distinguished  from  both  by  its  broad,  obtuse,  concentric  ribs,  which 
are  divided  into  tubercles  both  before  and  behind.  It  is  also  of  a 
more  circular  form  than  either  of  those  species. 

The  following  Shells,  from  the  same  bed,  as  far  as  they  can 
be  distinguished,  are  known  to  be  recent  species  : — 

4.  PUBPTTBA  FUCTJS. 

6.  Amphidesma  austsale.    Sowerbg. 

6.  CJONTJS  VENXTLATUS.      Lom. 

7.  F1S8UBELLA  COABCTATA.    King, 

8.  Pekna — two  odd  valves,  but  in  such  condition  that  it  can- 
not be  identified. 

9.  OSTREA  C0EN1TC0PI.9E.      Lom, 

10.  Abca  ovata.     Lam. 

11.  Patella  nigbita.    Budgin, 

12.  TURRirELLA   BICIVGULATA?      L(tm. 

13.  Strom  BUS — too  much  worn  and  mutilated  to  be  identified. 

14.  HiPPOiTYX  BABIATA.     Gray, 

15.  Natica  ubeb.     Valenciennes. 

16.  Pecteit,  which  in  form  resembles  opercularis,  but  which  is 
distinguishable  by  several  characters.  There  is  only  a  single  yalve^ 
wherefore  I  cannot  consider  myself  warranted  to  describe  it. 

17.  Pupa  bubdiaphaita.    King, 

18.  Tboohus — indeterminable. 
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EXTINCT  LAND-SHELLS  FROM  ST.  HELENA. 

The  following  six  species  were  found  associated  together,  at 
the  bottom  of  a  thick  bed  of  mould ;  the  last  two  species 
namely,  the  Cochlogenafossilis  and  Helix  biplicata  were 
found,  together  with  a  species  of  Sucdnea  now  living  on 
the  Island,  in  a  very  modem  calcareous  sandstone. 
These  Shells  are  referred  to  at  p.  101  of  this  volume. 

1.  COCHLOGENA  AUKIS-TTJLPIFA.      De  Fer, 

This  8peciee  is  well  described  and  figured  in  Martini  and  Chem- 
nitz's eleventh  volume.  Chemnitz  expresses  doubts  as  to  what 
genus  it  might  properly  be  referjed,  and  also  a  strong  opinion  un- 
favourable to  the  conclusion  that  it  should  be  regarded  as  a  land- 
'  sbfill.  His  specimene  were  bought  at  a  public  auction  in  Hamburg, 
having  been  sent  there  by  the  late  G  Humphrey,  who  appears 
to  have  been  very  well  acquainted  with  their  real  locality,  and  who 
sold  them  for  land-shells.  (Jhemnitx,  however,  mentions  one  speci- 
men in  Spengler's  collection,  in  a  fresher  condition  than  his  own, 
and  which  was  said  to  be  from  China.  The  re},  resent  ation  which  he 
has  given  is  taken  from  this  individual,  and  appears  to  me  to  have 
been  only  a  cleaned  specimen  of  the  St.  Helena  shell.  It  is  easy  to 
suppose  that  a  shell  from  St.  Helena  might  have  been  either  acci- 
dentally or  interestedly,  after  passing  through  two  or  three  hands, 
sold  as  a  Chinese  shell.  I  think  it  is  not  possible  that  a  shell  of 
this  species  could  have  been  really  found  in  China ;  and  among  the 
immense  quantities  of  shells  that  come  to  this  country  from  the 
Celestial  Empire,  I  have  never  seen  one.  Chemnitz  could  not  bring 
himself  to  establish  a  new  genus  for  the  reception  of  this  remarkable 
shell,  though  he  evidently  could  not  collate  it  with  any  of  the  then 
known  genera,  and  though  he  did  not  think  it  a  land-shell,  he  has 
called  it  Auri&'Vidpma.  Lamarck  has  placed  it  as  the  second 
species  of  his  genus  Stnithiolariaj  under  the  name  of  crenulata. 
To  this  genus  it  does  not  however  bear  any  affinity ;  and  there  can 
be  no  doubt  about  the  correctness  of  De  Ferussac's  views,  who 

n^  ces  it  Lu  the  fourth  division  of  his  sub-genus  Cochlopena :  and 
marck  would  have  been  correct,  according  to  his  own  principles, 
if  he  had  placed  it  with  his  AttricuUB.  A  variety  of  this  species 
occurs,  which  may  be  characterised  as  follows : — 

COCHLOGEETA  AI7BI8-TULFIFA,  VOT. 

Tettd  subpyramddalif  aperturd  breviori,  labio  tenuiori:  long.  1*68, 

ayertura  076,  lat,  0-87, poll. 

Ob& — The  proportions  of  this  differ  from  those  of  the  usual 
rariety,  which  are  as  follows: — Length  I'Go,  of  the  aperture  1*, 
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width  0*96  inch.  It  is  worthy  of  observHtion,  that  all  the  shells 
of  this  variety  came  from  a  different  part  of  the  island,  from  the 
foregoing  specimens. 

2.  CocHLoeENA  F068ILIS.     G,  Sotoerhy. 

Testd  obUmgdy  ci'assiusculdy  spird  subacuminatd,  obtusd,  anfractihus 
senisj  gubventricosiSf  letter  ttriatis^  suturd  profundi  impressd ; 
aperturd  suKomtd ;  per  if  remote  continue,  mbincrassato  ;  vmbilico 
parvo :  long.  0*8,  lot.  0*37,  poll. 

This  species  is  of  the  stature  of  C.  Guadaloupensis,  but  may 
easily  be  diistinguished  by  the  form  of  the  volutions  and  the  deeply- 
marked  suture.  The  specimens  vary  a  little  in  their  prooortions. 
This  species  was  not  ootained  by  Mr.  Darwin,  but  u  uom  the 
collection  of  the  Geological  Society. 

1.  OocHLicoPA  BUBPLICATA.     O.  Sowerhf, 

Testd  oblongd,  subacumincttihjn/ratmdalif  apice  obtusOf  anfractibua 
novem  UevUnis,  postick  subplicatiSj  suturd  crenulatd ;  aperturd 
ovatd,  postick  cumtd,  lahio  extemo  tenui;  columella  obsolete  sub- 
truiicatd  ;  umbilico  minimo :  long.  0'd3,  lat.  0*28,  poll. 

This  and  the  following  are  placed  with  De  Ferussac^s  sub-genus 
Oochlicopa,  because  they  are  most  nearly  related  to  his  Cochltcopa 
folliculua.  As  species  they  are,  however,  both  perfectly  distinct, 
bein^  much  larger,  and  not  shining  and  smooth  like  C  folliculits, 
which  is  found  in  the  south  of  Europe  and  at  Madeira.  Some  very 
young  shells  and  an  egg  were  found,  which  I  conjecture  to  belong 
to  this  species. 

2.  CocHiicopA  TESBBELLTJH.     O.  Sowerbg. 

Testd  oblongd^cgltndraceo-^ramidali,  apice  obtusiusculo,  anfraetibuM 
sepfenis,  Uevibus;  suturd  postich  crenulatd;  aperturd  ovali, 
postich  acutdf  labia  extemo  tenuis  antich  dechvi;  columelld 
obsoleti  truncatdf  umbilico  minimo:  long.  0*77,  lat.  0*25, 
poll. 

This  species  differs  from  the  last  in  being  more  cylindrical,  and 
in  being  nearly  free,  when  full  grown,  from  the  obtuse  folds  of  thn 
posterior  volutions,  as  well  as  in  the  form  of  the  aperture.  The 
young  shells  of  this  species  are  longitudinally  striated,  and  they 
have  some  very  obsolete  longitudinal  folds. 

1.  Helix  bilamellata.    O.  Sowerbg, 

Testd  orbicvlato'depressdf  spird  pland,  anfratiibus  aenw,  vlthM 
subiits  ventriooso,  supernk  angulari;  umbilico  paroo:  aperturd 
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«eiiii7usuirt,  mpeme  extuj  anpvlatd,  labia  erfemo  irmu :  intemo 
jUictB  tbtabu^  tptraliifus,  posiicd  majori:  Umg.  0*15,  lot.  0*33. 
poU. 

The  Tounp  shells  of  thiB  specieF  haveTerr  different  propartioiiB 
£roiii  thoee  marked  above,  their  axiB  being  nearly  as  great  as  their 
•width.  The  largest  specimen  is  white,  with  irregular  feiruginouB 
Tnvs.  This  is  very  difi'erent  from  any  known  recent  species,  although 
there  are  several  to  which  it  appears  to  have  some  analogy,  such  as 
Melix  epittfjflwm  or  Cookiama^  and  S.  pularis :  in  both  of  these, 
liowever,  the  internal  spiral  plaits  are  placed  within  the  outer  wall 
of  the  shell,  and  not  upon  the  inner  lamina,  afi  in  Htliv  hUamfUata, 
There  is  another  recent  species,  which  is  somewhat  analogous  to 
this:  it  is  as  yet  undesciibed,  and  differs  from  this  and  from 
Cookianaf  in  the  circumstance  of  its  possessing  four  internal  spiral 
plaits,  two  of  which  are  placed  within  the  outer,  and  two  upon 
the  inner  wall  of  the  shell ;  it  was  brought  from  Tahiti,  in  the 

2.  TTet.tt  TOi.T0fDOi7.     G.  Sowerby, 

Tegtd  arhiculnto-ntbdfpressd^  tmfractibus  mx\  ndundatis,  strintis : 
aperiurd  S'tnilimari,  lahio  intemo  plicisiribus  aptraltbus^poeticis 
gradatim  nuxjoribus^,  extemo  intus  den^ibus  qtdnqw  instrvctu  : 
umbikco  mediocri:  long,  0*07,  lot.  i)'lh,paU. 

This  is  somewhat  related  to  HeUx  contoria  of  De  Femasac, 
<Moll.  terr.  et  fluv.'  Tab.  61  A,  £.  2 ;  but  differs  from  it  in  several 
particulais. 

8.  HTiT.rr  BF17BC1.     G.  Soworby. 

Testd  Mtborbiculari,  spird  Bubeonaided,  obtusd  ;  anfractibug  gutduor 
tumidn,  mtbstriatis ;  aperiurd  viagnd^paritrtmatetefmi:  umbiUco 
parvOf  prqfundo :  long.  0*1,  Itit.  0*13,  poll. 

Easily  distinguiehed  frxnn  Helix  polyodon,  by  its  wide,  toothleas 
aperture. 

4.  Helix  mfUGAiA..     G,  Sowerby, 

Tegid  orbicultrto^epressd,  anfractibus  manque  rotundaHs,  ttriatit : 
apertvrd  semilunaris  lobio  tnterttoplids  duabustpiralibus,  potticd 
majori;  umbilioo  magna:  long.  0*04,  lat.  O'l, polL 

This  must  be  regarded  as  perfectly  distinct  from  HeUxhUameUata. 
on  account  of  its  form  ;  its  umbilicus  is  much  larger,  its  spire  is  not 
flat,  nor  is  the  posterior  edge  of  each  volution  angular.  There  are 
specimens,  which  must  be  referred  to  this  species,  foimd  with  the 
foregoing  species,  and  with  the  Cochlogena  fossiUs^  which  latter  ia 
araociated  with  a  living  Succinea,  in  the  modem  calcareous  sand- 
clone. 
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PALAEOZOIC  SHELLS  FROM  VAN  DIEMENS  LAND, 

BEFEBBED  TO  AT  P.   155  OF  THIS  YOLTTMB. 
1.   PbODUCTA  B17GATA. 

This  18  probably  the  eame  species  with  that  named  Producfa 
rvgata  by  Pnillips  (*  Geology  of  Yorkshire,'  part  ii.  plate  vii.  f.  16) : 
it  is,  however,  in  too  imperfect  a  condition  to  allow  me  to  decide 
positively. 

2.  Pboducta  bbachtthjebtjs.     O.  Sotoerby, 

Productaf  Testa  stthtrnpezifonnif  comjfressd,  parte  anticd  latiori,  mib^ 
bilobdf  posited  angiistiori,  lined  cardinali  brevi. 

The  most  remarkable  characters  of  this  species  are  the  shortness 
of  the  hin/e-line,  and  the  comparative  width  of  the  anterior  part: 
its  outside  is  ornamented  with  small,  blunt  tubercles,  irregularly 
placed :  it  is  in  limestone,  of  the  ordinary  grey  colour  of  mountain 
limestone.  Another  specimen  which  I  suppose  to  be  sn  impression 
of  tlie  inside  of  the  fiat  valve,  is  in  stone,  of  a  light  rusty-brown 
colour.  There  is  a  third  specimen,  which  I  believe  to  be  the  im- 
pression of  the  inside  of  the  deeper  valve,  in  a  nearly  similar  stone, 
accompanied  by  other  shells. 

1.  Spibifeba  strBBABTATA.     O,  Sowerby. 

Spirifera,  Tesrd  Iceoissimdy  pai-te  mediand  latd,  radits  lateraltlnm 
utriusque  lateris  paucis,  inconspicuis. 

The  breadth  of  this  shell  is  rather  greater  than  its  length.  The 
rays  of  the  lateral  surfaces  are  very  few  and  indistinct,  and  the 
medial  lobe  is  uncommonly  large  and  wide. 

2.  Spibifeba  B0TU17DATA  P    PkilHps's  '  Oeoloffff  of  Ywktihxrti 

pL  ix,  f.  17. 

AlthoiTgh  this  shell  is  not  exactly  like  the  figure  above  referred 
to,  it  would  perhaps  be  impossible  to  find  any  good  distinguishing 
character.  Our  specimen  is  much  distorted ;  it  is,  moreover,  an 
example  of  that  sort  of  accidental  variation  that  shows  how  little 
dependence,  ou^ht,  in  some  instances,  to  be  placed  upon  particular 
characters ;  for  the  radiating  ribs  of  one  side  of  one  valve  are  much 
more  numerous  and  closer  than  those  on  the  other  aide  of  the  same 
valve. 
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S.  Spisifera  tbapeeoibalib.     G,  SotoeHnf, 

Spirifern,  Testd  guhtHmgond^  medumd  parte  profunda^  radiis  non^ 
nuUiB^  mlnnranspicuis;  radiis  lateralibus  utriusque  laterxB  sqftem 
ad  octo  distinctis:  long,  1*5,  lot.  2',polL 

There  are  two  Bpedmens  of  this,  in  a  dark,  rosty,  gray  limestone, 
probably  bituminous. 

Spibitera  tbafezoidaub,  met.  ?     <?.  Sowerby. 

Sjnrifera,  Testd  radiis  Ittteralthvs  tripartitim  dtvisis,iineisincretnenti 
antiquatis,  c^teroqum  omninb  ad  Spiriferam  trapesoidalem 
similUmd. 

At  first  I  hesitated  to  unite  this  to  ^in/era  trapezoidalis,  but 
observing  that  at  the  commenoement  the  radiating'  ribs  were  simple, 
and  knowing  that  the«e  are  subject  to  variations,  I  hi^ye  thought  it 
best  merely  to  distinguish  this  specimen  as  a  variety. 


There  are  several  other,  probably  distinct,  species  of  Spirifene, 
bat  OS  these  are  only  casts,  it  is  obviously  impossible  to  give  the 
external  characters  of  the  species.  Since,  however,  they  are  very 
remarkable,  I  have  thought  it  advisable  to  give  a  nanie,  together 
with  a  short  description  of  each. 

4.  Spibefera  PAUCI008TATA.     O,  Sowerby, 

Length  equal  to  about  two-thirds  of  its  breadth ;  ribs  few  and 
Toriable. 

6.  Spibifeba  Vespebtiuo.     G,  Somrby, 

Breadth  more  than  double  its  length,  mdiating  ribs  rather  large, 
distinct,  and  not  numerous ;  posterior  inner  surface  covered  with 
distinct  punctulations  in  both  valves. 

6.  Spibifeba  avicula.     G,  Sowerby. 

The  proportions  of  this  species  are  very  remarkable,  inasmuch 
as  it  appears  to  have  been  nearly  three  times  as  wide  as  it  is  long ; 
the  radiiting  ribs  are  not  very  numerous,  and  the  internal  posterior 
aurface  of  one  valve  alone  (the  large  valve)  has  been  punctulated. 
In  its  proportions  it  resembles  Phillips's  Spin/era  convolutaf  but  as 
our  iip  avicvia  is  only  a  ciist  of  the  inside,  its  proportions  are  not 
80  abnormal  as  those  of  Sp  convoluta} 

A  specimen,  which  is  very  much  pressed  out  of  its  natural  shape, 
but  which  still  appears  to  differ  somewhat  in  its  proportions,  shows 
not  only  the  cast  of  tlie  inside,  but  also  the  impression  of  the  out- 
side ;  its  radiating  ribs  are  very  irregular,  and  numerous,  but  it 
must  be  regarded  as  doubtful  whether  some  of  them  be  not  principal 
and  others  only  interstitial :  their  irregularity  renders  it  impossible 
to  decide. 

^  *  Oeology  of  Yorkshire,*  part  ii.  plate  ix.  f .  7. 
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DESCRIPTION  OF  SIX  SPECIES  OF  CORALS, 
FROM  THE  PALEOZOIC  FORMATION  OF 
VAN   PIEMEN'S  LAND. 

By  W.  LONSDALE,  Eso.,  F.G.S. 


1.  Stekopoka  Tasuaniensis,  sp.  n.* 

Branched,  branches  cylindrical^  variousfy  inHiried  or  contorted; 
tubes  more  or  less  divergent;  mouths  ovaly  divisional  ridges 
strongly  tuberculatt  d ;  indications  qf  successive  narrowing  in 
each  tube,  1 — 2. 

Thtb  coral,  in  its  freneral  mode  of  growth,  resembles  Calamopora 
(Stenopora  ?)  tumidn,  (Mr.  Phillips,  '  Qeol.  of  Yorkshire/  part  ii. 
pi.  1,  fig.  62),  but  in  the  form  of  the  mouth  and  other  structural 
details  the  differences  are  very  great.  Stenopora  Tasmaniensis 
attains  considerable  dimensions,  one  specimen  being  4^  inches  in 
length  and  half  an  inch  in  diameter. 

The  branches  have  indiyidually  great  uniformity  in  their  circum* 
ference,  but  they  differ  with  respect  to  each  other  in  the  same  speci- 
men, and  there  is  no  definite  method  of  subdivision  or  direction 
of  growth.  The  extremities  are  occasionally  hollow ;  and  one 
specimen,  about  1^  inch  in  length,  and  half  an  inch  in  breadth,  is 
crushed  completely  flat.  The  tubes,  in  the  best  exposed  cases,  have 
cousiderable  length,  springing  almost  solely  from  the  axis  of  the 
branch,  and  diver)?ing  very  gently  till  they  nearly  repch  the  circum- 
ference, where  they  bend  outwards.  In  the  body  of  the  branch 
the  tubes  are  angular  from  lateral  interference ;  but,  on  approaching 
the  outer  surface,  they  become  oval  in  consequence  of  the  inter- 
spaces prod  peed  by  the  greater  divergence.  Their  diameter  is  very 
uniform  throughout,  with  the  exception  of  the  narrowings  near  the 
terminations  of  the  full-grovtm  tubes.    The  walls  in  the  interior  of 

'  Though  the  characters  of  this  genus  are  unpublished,  it  has  been 
thought  advisable  not  to  give  them  fully  la  this  notice,  a  very  few 
species  only  having  been  examined.  The  coral  is  essentially  com- 
posed of  simple  tubes,  variously  aggregated  and  radiating  outwards. 
The  month  is  round  or  oblong,  and  surrounded  by  projecting  walls, 
having  along  the  crest  a  row  of  tubercles.  The  mouth  originally 
oval  is  gradually  narrowed  ((rrcr(ff)  by  a  band  projecting  from  the 
inner  wall  of  the  tube,  and  is  finally  closed.  [Shortly  after  the  pub* 
lication  of  the  fir^t  edition,  Mr.  Lonsdale  informied  me  that  ho 
believed  this  coral  ought  to  have  been  included  in  the  genus  Tham- 
Dopora  of  Steiuinger.] 
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tlie  trmrlini  were  aypmnth-  'tbtt  tUa,  Imek  tb««  Is  a  i«]AtiT«lT 
eomidenble  ifcirkiwR*^  cf  auitter  ai  tke  cbcflB^a^MMft.  Xa  tracM 
of  tBMMifiBe  dispknicB^  kare  becB  aotiopdl  vidiizi  tlie  fnbes^ 

GMes  illBfEtm.iT«  «.if  tltf  rhingrir  to  ■aUuiu  and  find  oUitam- 
tkm  in  theoTal  t€nBiBi2SoB  erf" tlie  tnbei:  ai^imre.  bat  tW  foUowini; 
have  been  oinerr^ed.  WheR*  tlte  month  beecmies  fn?^  and  otiI,  tW 
^wmDs  ai«  tfain  and  diarp,  and  peipendkular  within  the  tube.  In 
Bome  caaea  tLex  are  in  oontact :  ImiI,  in  others,  ther  are  separated 
bj  gTOOtta  o€  TaiiaUe  dimensaons,  in  which  Teir  minute  foramina 
or  pores  maj  be  detected.  As  the  mouth  i^iproadies  towards 
matuxitj,  the  gmoiefe  are  monb  or  less  filled  up,  and  the  walls 
thicken,  a  row  of  vefx  SMuute  tuberdes  being  disooTerable  aloDjt 
the  crest.  At  this  fitage  the  inner  ade  of  the  tube  ceases  to  be 
vertical,  being  lined  bv  a  Tenr  narrow  inclined  band.  The  mature 
mouths  are  separated  by  a  bold  ridge^  genenDr  simple,  but  not 
iinfreqnentlT  divided  br  a  grosre ;  the  double  as  well  as  Uie  »ngle 
xidge  being  surmounted  hs  a  row  of  prominent  tubercles  almost 
in  contact  with  each  other.  Only  one  example  of  the  filling  up 
of  the  mouths  has  been  obeerFed,  but  it  affwds  Eatis&ctory  evi- 
dence of  a  gradual  expansion  of  the  inno*  band,  before  alluded  to, 
and  a  final  meeting  in  the  centre.  In  this  extreme  state,  there  is 
a  general  blending  of  detailsy  but  the  tubercles  are  for  the  most 
part  distinct. 

In  this  species,  pr>o&  of  a  narrowmg  of  the  mouth  previously 
to  the  fiirmation  of  the  perfect  tube,  and  the  final  contraction,  are 
not  veiy  prominently  exhibited  in  the  long  cylindrical  straight 
branches ;  but  near  the  point  where  the  tubes  bent  outwards  there 
is  an  annular  indentation,  which  mav  be  traced  successively  from 
cast  to  cast  in  a  lineal  direction,  parallel  to  the  surface ;  and  be- 
tween the  prominent  narrowing  and  the  perfect  sur&ce,  the  walla 
of  the  tubes  were  slightly  rugose.  In  another  short  branch,  be- 
lieved to  belcmg  to  this  species,  but  in  which  the  tubes  diverged 
outwards  very  rapidly,  the  narrowing  is  strongly  marked,  but  not 
to  an  equal  extent  throughout  the  specimen. 

The  matrix,  in  which  the  fossil  is  imbedded,  is  a  coarse  calcar 
reouB  shale,  or  a  gray  limestone ;  and  in  which  occur  also  FenUtM^ 
intemaia,  &c. 

2.  Stengpora  ovata,  sp.  n. 

Branched,  brancha  oval;  tubes  relativrly  short,  diotrgenee  great; 
mouths  round;  contractions  or  irregulurities  of  growth  nu' 
mfnms. 

The  characters  of  this  species  have  been  very  imperfectly  asceiv 
tained.  The  branches  are  not  uniformly  oval,  even  in  apparently 
the  same  fragment.  The  tubes  diverged  rapidly  along  the  line  of 
the  maj<Hr  axis,  and  had  but  a  very  limited  vertical  growtli.  Tlieir 
casts  exhibit  a  rapid  succession  of  irregularities  of  development. 
The  mouths,  as' far  as  they  can  be  determined,  were  round  ^r 
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slightly  oval,  and  the  dividing,  tuberculated  ridges  sharp ;  but  in 
consequence  of  the  outer  surface  not  being  exposed,  their  perfect 
characters,  and  the  changes  incidental  upon  growth,  could  not  be 
usceitained. 

The  coral  is  imbedded  in  a  dark  gray  limestone. 

1.  Fenestella  ampla,  sp.  n. 

Cup'Shaped;  celluliferous  surface  internal :  branches  dichotomous, 
broadf  jlatj  thin ;  ineshes  oval ;  rotos  of  cells  nmnerous,  rarely 
limited  to  tioOj  alternate  ;  transverse  connecting  processes  some' 
times  cellulffr ;  inner  layer  of  non-cellular  surface  veryjidrtms  ; 
external  layer  very  granular ,  non-fibrous;  gemmuliferous  vesicle  t 
small. 

Some  of  the  casts  of  this  coral  have  a  general  resemblance  to 
Fenestella  polyporata,  as  represented  in  Captain  Portlock^s  '  Report 
on  the  Geology  of  Londonderry,'  pi.  xxii.  A.  fig.  la,  Id;  but 
there  is  no  agreement  between  the  Van  Diemen's  Land  fossil  and 
the  structure  of  that  species  as  given  in  PI.  xxii.  fig.  3,  of  the 
same  work,  or  in  Mr.  Phillips's  original  figui-es, '  Geology  of  York- 
shire,' part  ii.,  pi.  i.  ^ga^.  19,  20.  A  general  resembUnce  also  exists 
between  Fenest^lla  ampla  and  a  coral  obtained  by  Mr.  Murchison 
from  the  carboniferous  limestone  of  Kossatchi  Datchi,  on  the  eastern 
flank  of  the  Ural  Mountains,  but  there  is  again  a  marked  difference 
in  structural  details. 

Fenestella  ampla  attained  considerable  dimensions,  fragments 
apparently  of  one  specimen  covering  an  area  of  4^  inches  by  3 
inches;  and  it  displays  considerable  massiveness  of  outline,  the 
branches  at  the  points  where  they  dichotomise  often  exceeding  the 
tenth  of  an  inch  in  breadth. 

li\  the  general  aspect  of  the  coral  a  considerable  uniformity  pre- 
vails, but  the  branches  vary  in  breadth,  swelling  out  greatly  near  the 
bifurcations ;  nevertheless,  there  is  no  marked  difierence  of  character 
between  the  base  and  the  upper  part  of  the  cup,  even  in  the  number 
of  the  rows  of  cells. 

In  the  best  state  of  the  cellular  surface,  which  has  been  noticed^ 
the  mouths  of  the  cells  are  relatively  large,  round  or  oval,  and  are 
defined  by  a  slightly  raised  margin ;  and  an  undulating,  thread-like 
ridge  winds  between  them,  dividing  the  interspaces  into  lozenge- 
shaped  areas.  The  rows  of  cells,  immediately  preceding  the  bifurca- 
tion, sometimes  amount  to  ten,  and  after  the  separation  generally 
exceed  two.  The  mouths  of  the  lateral  rows  project  into  the 
meshes ;  and  the  transverse  connecting  processes  are  sometimes 
cellular.  The  interspaces  between  the  mouths,  as  well  as  the  un- 
dulating ridges,  are  granular,  or  very  minutely  tuberculated.  In* 
ternally,  the  cells  exhibit  the  usual  oblique  arrangement,  overlayinfif 
each  other  and  terminating  abruptly  against  the  dorsal  part  oi  the 
branch.     The  perfect  rnst.-*  of  the  cellular  surfa-  e  give  tlie  reverse 


Appendix  to  Part  I.  1 8 1 

of  the  characters  just  noticed,  but  more  generally  the  impressions 
display  scarcely  a  trace  of  any  other  structure  than  longitudinal 
rows  of  circular  mouths. 

On  the  inner  layer  of  the  non-cellular  surface,  twenty  well- 
marked  parallel  fibres,  with  intermediate  narrow  ctootcs  or  corre- 
sponding casts,  may  sometimes  be  detected,  and  the  number  is 
always  considerable.  The  mode  of  preservation  did  not  permit  the 
true  nature  of  the  fibres  to  be  discovered,  but  in  consequence  of 
what  has  been  noticed  in  other  species,  it  is  inferred  that  they  are 
tubular.  Their  range  is  considerable,  but  in  the  specimen,  which 
exhibits  their  structure  most  fully,  they  are  frequently  cut  oft*  by 
circular  foramina.  Their  perfect  surface  is  minutely  granular. 
The  outer  layer,  or  back  of  the  branches,  is  composed  of  an  uniform 
crust  without  any  indications  of  fibres,  but  covered  with  numerous 
microscopic  papillae,  and  corresponding  pores  penetrating  the  sub- 
stance of  the  layer. 

The  only  indications  of  gemmuliferous  vesicles,  are  small  circular 
pits  occasionally  situated  over  the  mouth,  and  agreeing  in  position 
with  the  vesicles,  which  in  other  cellular  genera,  have  been  con- 
sidered as  gemiculil'erous.  In  the  Russian  specimen  before  alluded 
to,  c^sts  of  similar  pits  are  very  uniformly  distributed  between  the 
casts  of  the  mouths. 

The  youngest  state  of  the  coral  has  not  been  noticed,  nor  have 
any  marlced  changes  incident  upoaage,  except  the  gradual  thicken- 
ing of  the  non-cellular  surface,  by  the  coating  over  of  the  fibrous 
layer. 

The  nuitrix  of  the  specimens  is  a  dark  gray  splintery  or  an  earthy 
limestone. 

2.  Fenestella  intebstata,  sp.  n. 

Cup-ahaped :  celluli/erons  surface  internal;  branches  dichotomoiu^ 
compressed^  breadth  variable;  meshes  oblont/,  narrow;  rotes  of 
cells  2 — 5,  divided  by  longitudinal  ridges  ;  transverse  connecting 
processes  short  without  cells ;  non-cellular  surface^  inner  Iftger, 
sharply  fibrous^  outer  hyer^  minutely  granular. 

By  the  delicacy  of  its  structure,  this  species  is  easily  distinguish- 
able from  Fen,  ampla  ;  and  in  the  rows  of  cells  varying  from  two 
to  five,  as  well  as  in  their  mode  of  development,  there  are  further 
well-marked  difterences.  It  appears  to  have  attained  considerable 
tlimensions,  fragments  having  been  noticed  an  inch  and  a-half  in 
length  and  an  inch  in  breadth. 

The  branches  vary  in  width,  swelling  cut  gradually  towards  the 
bifurcations,  but  without  any  alteration  in  the  tbrm  or  size  of  the 
meshes;  and  as  far  as  the  state  of  the  specimens  will  permit  an 
-opinion  to  be  formed,  no  marked  changes  occurred  during  the  deve- 
lopment of  the  cup,  except  one  about  to  be  noticed.  On  the  cellu- 
liferous  surface  of  the  branches,  considerable,  but  uniform,  altera- 
tions take  place  between  the  puccessive  bifurcations.     For  a  short 
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distance  above  the  point  of  separation,  the  branch  is  narrow  and 
angular,  and  traversed  along  the  centre  by  a  ridge,  and  there  is  onlj 
one  row  of  cellular  mouths  on  each  side.  As  tne  branch  grew,  the 
ridge  widened,  and  ultimately  became  celluliferous,  a  row  of  mouths 
springing  from  its  place  {intemafa).  The  three  ranges  of  cellular 
openings  are,  in  this  state  of  the  branch,  separated  by  two  ridges, 
and  the^e,  as  the  development  advanced,  again  widened  and  became 
cellular,  the  Hve  rows  being  divided  by  four  ridges.  This  appears 
to  be  tl:  e  extreme  stage  of  growth,  another  bifurcation  t-aking  place 
immeo lately  after.  In  the  earliest  formed  part  of  the  cup  only  two 
or  three  rows  of  mouths  prevail ;  and  where  the  number  is  greater, 
a  certain  amoiint^  of  irregularity  in  the  linear  arrangement  is  percep- 
tible, resulting  from  the  lateral  expansion  of  the  branch. 

In  the  best  preserved  specimens,  the  mouths  are  relatively  large, 
round  or  oval,  and  the  margin  is  slightly  raised.  In  the  middle 
rows  they  are  parallel,  or  nearly  parallel,  and  in  the  direction  of  the 
axis  of  the  branch  ;  but  in  the  side  rows  they  are  often  obliquely 
placed ,  inclining  towards  the  meshes.  In  these  nearly  perfect  speci- 
mens the  dividing  ridges  are  thread-like  and  slightly  waved,  but 
there  is  no  trace  of  the  Itizenge-shaped  compartments  so  distinctly 
exhibited  in  FenesteUa  tnnpla.  The  interspaces  between  the  mouths 
are  flat  or  slightly  convex.  In  specimens  less  finely  preserved,  or 
deprived  of  the  original  surface,  the  mouths  are  not  uniform  in  out- 
line, and  have  no  projecting  margin.  The  diverging  ridges  are  also 
relatively  broader ;  and  the  whole  surface,  including  the  transverse 
connecting  processes,  is  granular  or  minutely  tuberculated. 

The  inner  layer  of  the  non-cellular  surface  is  sharply  fibrous,  and 
the  same  structure  may  be  more  or  less  clearly  detected  in  the 
transverse,  connectiug  processes.  The  number  of  fibres  on  the 
branches  do  not  apparently  «'xceed  twelve,  and  they  are  in  general 
less  numerous.  Their  range  is  considerable,  additional  ones  being 
interpolated  as  the  branch  widens ;  and  their  surface  is  minutely 
tuberculated.  No  separate,  circular  foramina  wfere  noticed.  The 
outer  layer  is  uniformly  granular,  where  completed,  but  every  inter- 
mediate state  from  the  sharply  tibrous  may  Ite  traced  on  the  same 
specimen. 

No  distinct  proofs  of  gemmuliferous  vesicles  have  been  observed, 
but  in  a  s^imen,  which  is  believed  to  exhibit  impressions  of  this 
species,  there  are  occasionally  to  be  detected,  near  the  mouths, 
hemispherical  casts,  perfectly  rounded  on  the  surface,  and  evidently 
unconnected  immediately  with  the  interior  of  the  cells,  and  which 
it  is  presumed  mav  represent  those  ve»(  les.  Ftn*-stflla  intemala 
appears  to  be  an  abundant  fossil,  one  slab  nearly  eight  inches  long 
and  six  wid^,  being  covered  on  both  sides  with  fragments  of  it, 
and  numerous  smaller  specimens  occur  in  the  collection.  The 
matrix  is  chiefly  a  roarse  gray  calcareous  shale,  but  it  is  sometimes 
a  splintery  limi  stone,  or  a  hard  ferruginous  or  light-colcured  clay- 
stone. 
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S.  Fenestella.  fossuxa,  sp.  n. 

Cup-shaped,  celhUiferous  surface  internal;   hranches  dichotomoue, 
slender ;  meshes  oval ;  rows  of  ceUs,  two ;  transverse  processes 
non-cellular  t  inner  layer  of  mmrcelluliferous  surface  minutely 
Jibrous :  external  layer  smooth  or  granular. 

In  general  aspect  and  structural  details,  this  species  bears  a  great 
resemblance  to  renest.ellajlustrace.fi  of  the  oiagnepian  limestone  of 
England  (Retepora  Jluetracea,  *  Geol.  Trans.,'  2nd  series,  vol.  iii. 
pi.  zii.  f.  8)y  but  it  differs  from  it  in  the  peculiar  character  ex- 
nibited  in  the  cast  of  the  cellidiferous  surface,  the  nature  of  which 
will  be  given  in  noticing  that  surliice. 

The  principal  specimen  is  a  nearly  perfect  cup  1^  inch  in  height, 
and  about  two  inches  across  the  widest,  compressed  part.  There 
are  no  marked  variations  of  character,  but  occasionally,  irregu- 
larities of  growth,  due,  apparently,  to  accidents  during  progressive 
development. 

The  following  details  have  been  obtained  from  casts,  no  perfect 
surface  having  been  noticed. — ^The  branch*'S  had  great  uniformity  of 
dimensions,  swellimr  but  very  slightly  at  the  distant  points  of  bifur- 
cation, and  their  thickness  was  apparently  nearly  equal  to  their 
breadth.  The  cast  of  the  cellular  surface  is  traversed  along  the 
centre  by  a  sharp  narrow  trench  (fossula),  with  nearly  vertical 
sides,  the  distinguishing  character  between  this  species  and  Fen, 
Jiustrarea.  The  cylindrical  casts  of  the  mouths,  or  the  interior  of 
the  cells;  are  arranged  in  a  single  row  on  each  side  of  the  trench, 
and  no  increase  of  number  is  clearly  perceptible  at  the  bifurcations. 
Along  the  centre  of  the  trench  is  a  row  of  indentations  or  minute 
conical  pits,  a  character  noticeable  in  other  species,  particularly  in 
Fen.Jlustracea.  They  are  plainly  not  casts  of  cellular  openings, 
but  of  relatively  large  papill».  Traces  of  such  projections  have 
also  been  noticed  in  several  other  instances. 

The  mouths  of  the  cells,  in  the  minute  frsgment  which  has  been 
obtained  exhibitinir  them,  are  large,  round,  slightly  projecting,  and 
not  very  distant,  and  in  the  same  atom  is  an  imperfect  ke^l.  The 
xemains  of  the  uon-cellular  surface  exhibit  no  characters  requiring 
notice,  but  indications  of  a  striated  and  smooth  layer  have  been 
observed. 

The  two  specimens  which  afforded  these  structural  details  have 
A  matrix  of  dark-coloured,  hard  limestone. 

Hekitrtpa  bexakgula,  sp.  n. 

Net-work  fine,  he,ragonal;  meshes  round  in  double  rows. 

The  coral  to  which  the  above  inefficient  characters  are  applied, 
is  imbedded  in  the  shaly  surface  of  a  dark,  hard  limestone.    It  is 
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about  an  inch  in  breadth  and  half  an  inch  in  height,  and  consists  of 
two  layers  of  net-work, — one  presenting  quadrangular  meshes,  and 
the  other  hexagonal,  with  a  round,  inner  area ;  and  over  a  consider* 
able  part  of  the  specimen,  the  quadrangular  net-work  has  been 
removed,  whereby  the  connexion  of  the  two  structures  is  perfectly 
exposed. 

This  fossil  is  believed  to  agree  completely  in  its  essential  generic 
characters  with  those  of  Hemitrypa  (*  Pal.  Foss.  Com  wall/  p  27), 
but  its  state  of  preservation,  and  some  facilities  aiforded  by  it  for 
determining  structural  details,  have  led  to  an  inference  respecting 
its  nature  somewhat  different  from  that  given  in  the  work  just 
quoted. 

The  inner  surface  of  Hemitrypa  oculata  {loc.  cit.)  is  described  as 
*  marked  with  radiating  ridges,'  having  intervening  '  oval  depres- 
sions, which  penetrate  only  half  through  the  substance  of  the  cora], 
and  nowhere  reach  the  outer  surface.'  The  equivalent  portion  of 
the  Van  Diemen's  Land  specimen  agrees  perfectly  with  this  state- 
ment, except  in  the  form  of  the  meshes  or  depressions ;  it  is,  how- 
ever,  not  merely  '  like  some  Fenestellse,'  but  it  pos&esses  all  the 
essential  characters  of  that  genus,  and  is  believed  to  be  a  fragment 
of  Fen,  fossula.  This  inference  is  drawn  from  a  minute  portion 
mechanically  detached,  and  which  exhibited  a  row  of  lai^e,  roand, 
projecting,  cellular  mouths.  The  external  surface  of  Hem  oculata 
18  described  as  *  wholly  covered  with  numerous  round  pores  or 
cells ' — '  associated  in  double  rows,*  and  the  corresponding  portion 
of  Hem,  9exangula  has  been  ascert-ained  to  consist  also  of  a  similar 
surface  of  double  rows  of  round  meshes  or  '  pores,'  but  with  hexa- 
gonal boundaries ;  and  they  are  shown,  as  exhibited  by  the  speci- 
men in  its  imbedded  state,  to  penetrate  to  the  surface  of  the  Fene- 
Stella  or  quadrangular  net-work. 

These  details  are  conceived  to  be  sufficient  to  establish  a  generic 
agreement  between  the  Van  IHemen's  Land  coral  and  Hemitrypa 
ocuhta ;  and  an  examination  of  an  Irish  specimen  of  that  genus 
has  fully  confirmed  the  structural  details  exitibited  in  the  'inner 
surface  of  the  specimen  to  which,  provisionally,  the  name  of  Hemi^ 
trypa  sexangtUa  is  applied. 

Of  the  true  nature  of  the  'external'  net-work  no  opinion  is 
ventured.  It  is  formed  almost  entirely  of  dark  gray,  calcareous 
matter,  filling  apparently  an  originally  cellular  structure ;  but  there 
are  also  a  few  small  patches  of  the  outer  covering,  consisting  of  an 
0])aque  white  crust  on  the  surface,  which  was  originally  in  contact 
witli  the  external  net-work.  That  it  was  a  parasite  little  doubt 
is  entertained ;  and  the  inten^sting  agreement  between  the  space 
occupied  by  the  double  row  of  meshes,  and  that  of  the  parallel 
branches  of  the  Fenestella,  arises  apparently  from  the  latter  having 
aiforded  suitable  base  lines  for  attachment.  In  the  Van  Diemen'a 
Land  specimen,  the  agreement  is  marked  by  an  increased  breadth  in 
tbe  net/- work,  and  by  a  row  of  projecting  points.  There* is  also  a  re- 
markable agreement  between  the  arrangement  of  the  mouths  of  the 
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Fenestella  and  the  raeshes  of  the  *  inner '  net-work.  Similar  con- 
formities are  admirably  shown  in  Mr.  Phillips's  excellent  tigures 
('  Pal.  F0S8.'  pi.  xiii.  f.  3«). 

The  solid  portions  of  the  structure  lein^  exceedingly  fine,  resem- 
bling the  thread  of  the  most  delicate  lace,  attempts  to  discover  satis- 
far  torily  internal  characters  proved  unsuccessful,  except  in  one  place, 
where  a  true  cellular  armngement  was  believed  to  be  visible.^ 
Of  the  nature  of  the  investing  crust,  nothing  also  has  been  deter- 
mined. 

Though  the  name  Hemitrypa  mav  be  objectionable,  as  applied 
to  the  corals  under  consideration,  it  has  been  thought  right  to  re- 
tain the  word,  until  the  lull  characters  of  the  genus  shall  have 
been  ascertained. 

Falmouth,  January  1844. 

>  A  Codrington  lens,  half-an-inch  in  diameter,  was  invariably 
nsed  in  examining  the  corals  described  in  this  notice. 
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CHAPTER  Vm. 

ON  THE  ELEVATION  OF  THE  EASTERN  COAST  OP  SOUTH 

AMERICA. 

ZJpraised  Shells**/ La  Plata — Bahia  Blanea^  Sand-dunes  and  Pumice" 
pebbles— 'Step-formed  Plains  of  Patagonia^  with  upraised  Shells — 
Terrace-bounded  Valley  of  Sa/nta  Cruz^  formerfy  a  Sea-strait — Up' 
raised  Shells  cf  Ticrra  del  Faego — Length  and  breadth  of  the 
elevated  area — Equability  of  th^-  wiorevients^  as  shown  by  the  similar 
heights  of  the  jjI/jIus — Slonmess  of  the  tleratory  process — Mode  of 
formation  of  the  step-formed  plains — Summary — Great  Shingle 
Formatinn  of  Patatfuma  ;  its  extent,  origin,  and  distribution-^ 
Formation  of  sea-oliffs. 

In  the  following  Part,  which,  treats  of  the  geology  of 
South  Americii,  and  almost  exclusively  of  the  parts 
southward  of  the  Tropic  of  Capricorn,  I  have  arranged 
the  chapters  according  to  the  age  of  the  deposits,  occa- 
sionally departing  from  this  order,  for  the  sake  of  geo- 
graphical simplicity. 

The  elevation  of  the  land  within  the  recent  period, 
and  the  modifications  of  its  surface  through  the  action 
of  the  sea  (to  which  subjects  I  paid  particular  attention) 
will  be  first  discussed  ;  I  will  then  pass  on  to  the  tertiary 
deposits,  and  afterwards  to  the  older  rocks.  Only  those 
districts  and  sections  will  be  described  in  detail  which 
appear  to  me  to  deserve  some  particular  attention ;  and 
I  will,  at  the  end  of  each  chapter,  give  a  summary  of 
the  results.  We  will  commence  with  the  proofs  of  the 
upheaval  of  the  eastern  coast  of  the  continent,  frora 
the  Rio  Plata  southward;   and,  in  the  next  chapter, 
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follow  ap  tbe  same  sabjcct  along  the  shores  of  ChDe  and 
Peru. 

On  the  northern  bank  of  the  great  estoarr  of  the 
Bio  Plata,  near  Maldonado,  I  found  at  the  head  of  a 
lake,  sometimes  brackish  bat  generally  containing  fresh 
water,  a  bed  of  mnddy  ch&y,  six  feet  in  thickness,  with 
nameroos  shells  of  species  still  existing  in  the  Plata, 
namely,  the  Azara  luhicUa^  d'Orbig.,  fragments  of 
Mytilus  edulifrfrmisy  d'Orbig.,  PtjJ,ude9trina  IsabeUeij 
d'Orbig.,  and  the  Solen  Caribceus,  Lam.,  which  last  was 
embedded  vertically  in  the  position  in  which  it  had 
lived.  These  shells  lie  at  the  height  of  only  two  feet 
above  the  lake,  nor  would  they  have  been  worth  mention- 
ing, except  in  connection  with  analogous  facts. 

At  Monte  Video,  I  noticed  near  the  town,  and  along 
the  base  of  the  mount,  beds  of  a  living  Mytilus,  raised 
some  feet  above  the  surface  of  the  Plata  :  in  a  similar 
bed,  at  a  height  from  thirteen  to  sixteen  feet,  M.  Isabella 
collected  eight  species,  which,  according  to  M.  d'Or- 
bigny,'  now  live  at  the  mouth  of  the  estuary.  At 
Colonia  del  Sacramiento,  further  westward,  I  observed 
at  the  height  of  about  fifteen  feet  above  the  river,  there 
of  quite  fresh  water,  a  small  bed  of  the  same  Mytilus, 
which  lives  in  brackish  water  at  Monte  Video.  Near  the 
mouth  of  the  Uruguay,  and  for  at  least  thirty-five  miles 
northward,  there  are  at  intervals  large  sandy  tracts, 
extending  several  miles  from  the  banks  of  the  river, 
but  not  raised  much  above  its  level,  abounding  with 
small  bivalves,  which  occur  in  such  numbers  that  at 
the  Agraciado  they  are  sifted  and  burnt  for  lime. 
Those  which  I  examined  near  the  A.  S.  Juan  were  much 
worn :  they  consisted  of  Mactra  IsabeUeij  d'Orbig., 
mingled   with  few  of  Venu$  sinuosa^  Lam.,  both  in- 

*  'Yoya^^e  dans  TAiii^rique  M^rid. :  Part.  66olog.'  p.  21. 
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habiting,  as  I  am  informed  by  M.  d'Orbigny,  brackish 
water  at  the  mouth  of  the  Plata,  nearly  or  quite  as  salt 
as  the  open  sea.     The  loose  sand,  in  which  these  shells 
are  packed,  is  heaped  into  low,  straight,  long  lines  of 
dunes,  like  those  left  by  the  sea  at  the  head  of  many 
bays.     M.  d'Orbigny  has  described  *  an  analogous  phe- 
nomenon on  a  greater  scale,  near  San  Pedro  on  the 
river  Parana,  where  he  found  widely  extended  beds  and 
hillocks  of  sand,    with   vast   numbers   of   the   Azara 
lahiaia^  at   the   height   of  nearly   100    feet   (English) 
above  the  surface  of  that  river.     The  Azara  inhabits 
brackish  water,  and  is  not  known  to  be  found  nearer  to 
San  Pedro  than  Buenos  Ayres,  distant  above  100  miles 
in  a  straight  line.     Nearer  Buenos  Ayres,  on  the  road 
from  that  place  to  San  Isidro,  there  are  extensive  beds, 
as  I  am  informed  by  Sir  Woodbine  Parish,2of  the  Azara 
lalnatay  lying  at  about  forty  feet  above  the  level  of  the 
river,  and  distant  between  two  and  three  miles  from  it. 
These  shells  are  always  found  on  the  highest  banks  in 
the  district :  they  are  embedded  in  a  stratified  earthy 
mass,  precisely  like  that  of  the  great  Pampean  deposit 
hereafter  to  be  described.     In  one  collection  of  these 
shells,  there  were  some  valves  of  the   Venus  sinuosa^ 
Lam.,  the  same  species  found  with  the  Mactra  on  the 
banks  of  the  Uruguay.     South  of  Buenos  Ayres,  near 
Ensenada,  there  are  other  beds  of  the  Azara,  some  of 
which  seem  to  have  been  embedded  in  yellowish,  cal- 
careous, semi-crystalline  matter ;    and  Sir  W,  Parish 
has  given  me  from  the  banks  of  the  Arroyo  del  Tristan, 
situated  in  this  same  neighbourhood,  at  the  distance  of 
above  a  league  from  the  Plata,  a  specimen  of  a  pale- 
reddish,  calcareo-argillaceous  stone  (precisely  like  parts 
of  the  Pampean  deposit,  the  importance  of  which  fact 

*  'Voyage  dans  VAm^rique  M6rid. :  Part.  G6olog.'  p.  43. 

•  •  BneD03  Ayres,*  &c.,  by  Sir  Woodbine  Tarisb,  p.  \^f^. 
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will  be  referred  to  in  a  succeeding  chapter),  abounding 
with  shells  of  an  Azara,  much  worn,  but  which  in 
general  form  and  appearance  closely  resemble,  and  are 
probably  identical  with,  the  A,  Idbiata,  Besides  these 
shells,  cellular,  highly  crystalline  rock,  formed  of  the 
casts  of  small  bivalves,  is  found  near  Ensenada ;  and 
likewise  beds  of  sea-shells,  which  from  their  appearance 
appear  to  have  lain  on  the  surface.  Sir  W.  Parish  has 
given  me  some  of  these  shells,  and  M.  d'Orbigny  pro- 
nounces them  to  be, 


1.  Buccinanops    globalosum, 

dOrbigr. 
8.  OliTancUlaria  auricalaria, 

do. 


3.  Venus  flezuosa,  Lam. 

4.  C^  theraoa  (imperfect). 

6.  Mactra  Isabel  lei,  d'Orbig. 
6.  Ostrea  pulchella,  do. 


Besides  these,  Sir  W.  Parish  procured '  (as  named 
by  Mr.  6.  B.  Sowerby)  the  following  shells : — 

7.  Yoluta  colocynthis.  j       9.  Buccinam  (not  spec.  7). 

8.  V.         anguiata.  .' 

All  these  species  (with,  perhaps,  the  exception  of 
the  last)  are  recent,  and  live  on  the  South  American 
coast.  These  shell-beds  extend  from  one  league  to  six 
leagues  from  the  Plata,  aud  must  lie  many  feet  above 
its  level.  I  heard,  also,  of  beds  of  shells  on  the  Som- 
borombon,  and  on  the  Rio  Salado,  at  which  latter 
place,  as  M.  d'Orbigny  informs  me,  the  Mactra  IsaheUei 
and  Venus  sinuosa  are  found. 

During  the  elevation  of  the  Provinces  of  La  Plata, 
the  waters  of  the  ancient  estuary  have  but  little  affected 
(with  the  exception  of  the  sand-hills  on  the  banks  of 
the  Parana  and  Uruguay)  the  outline  of  the  land. 
M.  Parchappe,'  however,  has  described  groups  of  sand- 
dunes  scattered  over  the  wide  extent  of  the  Pampas 

• 

'  *  Buenos  Ayres,*  &c.,  by  Sir  W.  Parish,  p.  168. 
•  D'Orbicrny's  •  Voynge  G6olog.*  p.  4 1. 
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southward  of  Buenos  Ayres,  which  M.  d'Orbigny  attri- 
butes with  much  probability  to  the  action  of  the  sea, 
before  the  plains  were  raised  above  its  level.^ 

Southivard  of  the  Plata. — The  coast  as  far  as  Bahia 
Blanca  (in  lat.  39°  S.)  is  formed  either  of  a  horizontal 
range  of  cliffs,  or  of  immense  accumulations  of  sand- 
dunes.  Within  Bahia  Blanca,  a  small  piece  of  table- 
land, about  twenty  feet  above  high-water  mark,  called 
Punt  a  Alta,  is  formed  of  strata  of  cemented  gravel  and 
of  red  earthy  mud,  abounding  with  shells  (with  others 
lying  loose  on  the  surface),  and  the  bones  of  extinct 
mammifers.  These  shells,  twenty  in  number,  together 
with  a  Balanus  and  two  corals,  are  all  recent  species, 
still  inhabiting  the  neighbouring  seas.  They  will  be 
enumerated  in  the  eleventh  Chapter,  when  describing 
the  Pampean  formation;  five  of  them  are  identical 
with  the  upraised  ones  from  near  Buenos  Ayres.  The 
northern  shore  of  Bahia  Blanca  is,  in  main  part,  formed 

*  Before  proceeding  to  the  districts  southward  of  La  Plata,  it  may 
be  worth  while  just  to  state,  that  there  is  some  evidence  that  the 
coast  of  Brazil  has  participated  in  a  sniall  amount  of  elevation.  Mr. 
Burchell  informs  me,  that  he  collected  at  Santos  (lat.  24°  S.)  oyster- 
shells,  apparently  recent,  some  miles  from  the  shore,  and  quil«  above 
the  tidal  action.  Westward  of  Rio  de  Janeiro,  Capt.  Elliot  is  asserted 
(see  Harlan,  •  Med.  and  Phys.  Res..'  p.  35,  and-  Dr.  Meigs,  in  •  Trans. 
Amer.  Phil.  Soc '),  to  have  found  human  bones,  encrusted  with  sea- 
shells,  between  fifteen  and  twenty  feet  above  the  level  of  the  sea. 
Between  Rio  de  Janeiro  and  Cape  Frio  I  crossed  sandy  tracts 
abounding  with  sea-shells,  at  the  distance  of  a  league  from  the  coast; 
but  whether  these  tracts  have  be  -n  formed  by  uplieaval,  or  through 
the  mere  accumulation  of  drift  sand,  I  am  not  prepared  to  assert. 
At  Bahia  (lat  13°  S.),  in  sorce  parts  near  the  coast,  there  are  traces 
of  sea-action  at  the  height  of  about  twenty  feet  above  its  present 
level;  there  are  also,  in  miny  parts,  remnants  of  beds  of  sandstone 
und  conglomerate  with  numerous  recent  shells,  raised  a  little  abo\e 
the  sea-level.  I  may  add,  that  at  the  head  of  Bahia  bay  there  is  a 
formation,  about  forty  feet  in  thickness,  containing  tertiary  shells 
apparently  of  fresh- water  origin,  now  washed  by  the  sea  and  en-, 
cnisted  with  Balani;  this  appears  to  indicate  a  small  amount  of 
subsidence  subsequent  to  its  (deposition.  At  Pernambuco  (lat.  8° 
8.),  in  the  alluvial  or  tertiary  cliffs,  surrounding  the  low  land  on 
which  the  city  stands,  I  looked  in  vain  for  organic  remains,  or  other 
evidence  of  changes  in  level. 
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of  immense  sand-dunes,  resting  on  gravel  with  recent 
shells,  and  ranging  in  lines  parallel  to  the  shore.   These 
ranges  are  separated  from  each  other  by  flat  spaces, 
composed  of  stiflf  impure  red   cldy,   in  which,  at  the 
distance  of  about  two  miles  from  the  coast,  I  found  by 
digging,  a  few  minute  fragments  of  sea-shells.     The 
sand-dunes  extend  several  miles  inland,  and  stand  on  a 
plain,  which  slopes  up  to  a  height  of  between  one  and 
two  hundred   feet.      Numerous,  small,  well    rounded 
pebbles  of  pumice  lie  scattered  both  on  the  plain  and 
sand-hillocks :  at  Monte  Hermoso,  on  the  flat  summit 
of  a  cliff,  I  found  many  of  them  at  a  height  of  120  feet 
(angular    measurement)   above   the   level   of  the  sea. 
These  pumice  pebbles,  no  doubt,  were  originally  brought 
down  from  the  Cordillera  by  the  rivers  which  cross  the 
continent,  in  the  same  way  as  the  river  Negro  anciently 
brought  down,  and  still  brings  down,  pumice,  and  as 
the  river  Chupat  brings  down  scoriae :  when  once  de- 
livered at  the  mouth  of  a  river,  they  would  naturally 
have  travelled  along  the  coasts,  and  been  cast  up,  dur- 
ing the  elevation  of  the  land,  at  different  heights.     The 
origin  of  the   argillaceous   flats,   which    separate  the 
parallel  ranges  of  sand-dunes,  seems  due  to  the  tides 
here  having  a  tendency  (as  I  believe  they  have  on  most 
shoal-protected  coasts)  to  throw  up  a  bar  parallel  to 
the   shore,  and   at   some   distance   from  it;    this   bar 
gradually   becomes    larger,   affording    a   base  for  the 
accumulation  of    sand-dunes,   and   the  shallow  space 
within  then  becomes  silted  up  with  mud.     The  repe- 
tition of  this  process,  without  any  elevation  of  the  land, 
would  form  a  level  plain  traversed  by  parallel  lines  of 
sand-hillocks ;  during  a  slow  elevation  of  the  land,  the 
hillocks  would  rest  on  a  gently  inclined  surface,  like 
that  on  the  northern  shore  of  Bahia  Blanca.     I  did  not 
observe  any  shells  in  this  neighbourhood  at  a  greater 
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height  than  twenty  feet ;  and  therefore  the  age  of  the 
sea-drifted  pebbles  of  pumice,  now  standing  at  the  height 
of  120  feet,  must  remain  uncertain. 

The  main  plain  surrounding  Bahia  Blanca  I  esti- 
mated at  from  200  to  300  feet;  it  insensibly  rises 
towards  the  distant  Sierra  Ventana.  There  are  in  this 
neighbourhood  some  other  and  lower  plains,  but  they 
do  not  abut  one  at  the  foot  of  the  other,  in  the  manner 
hereafter  to  be  described,  so  characteristic  of  Patagonia. 
The  plain  on  which  the  settlement  stands  is  crossed  by 
many  low  sand-dunes,  abounding  with  the  minute  shells 
of  the  Paludestrina  australis,  d  Orbig.,  which  now  lives 
in  the  bay.  This  low  plain  is  bounded  to  the  south, 
at  the  Cabeza  del  Buey,  by  the  cliff-formed  margin 
of  a  wide  plain  of  the  Pampean  formation,  which  I 
estimated  at  sixty-feet  in  height.  On  the  summit  of 
this  cliff  there  is  a  range  of  high  sand-dunes  extending 
several  miles  in  an  east  and  west  line. 

Southward  of  Bahia  Blanca,  the  river  Colorado 
flows  between  two  plains,  apparently  from  thirty  to 
forty  feet  in  height.  Of  these  plains,  the  southern  one 
slopes  up  to  the  foot  of  the  great  sandstone  plateau  of 
the  Rio  Negro ;  and  the  northern  one  against  an  escarp- 
ment of  the  Pampean  deposit ;  so  that  the  Colorad, 
flows  in  a  valley  fifty  miles  in  width,  between  the  upper 
escarpments.  I  state  this,  because  on  the  low  plain  at 
the  foot  of  the  northern  escarpment,  I  crossed  an  im- 
mense accumulation  of  high  sand-dunes,  estimated  by 
the  Gauchos  at  no  less  than  eight  miles  in  breadth. 
These  dunes  range  westward  from  the  coast,  which  is 
twenty  miles  distant,  to  far  inland,  in  lines  parallel  to 
the  valley ;  they  are  separated  from  each  other  by 
argillaceous  flats,  precisely  like  those  on  the  northern 
shore  of  Bahia  Blanca.  At  present  there  is  no  source 
whence  this  immense  accumulation  of  sand  could  pro« 

14 
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ceed ;  but  if,  as  I  believe,  the  upper  escarpments  once 
formed  the  shores  of  an  estuary,  in  that  case  the  sand* 
ptone  formation*  of  the  river  Negro  would  have  afforded 
an  inexhaustible  supply  of  sand,  which  would  naturally 
have  accumulated  on  the  northern  shore,  as  on  every 
part  of  the  coast  open  to  the  south  winds  between  Bahia 
Blanca  and  Buenos  Ay  res. 

At  San  Bias  (40°  40'  S.),  a  little  south  of  the 
mouth  of  the  Colorado,  M.  d'Orbigny  ^  found  fourteen 
species  of  existing  shells  (six  of  them  identical  with 
those  from  Bahia  Blanca),  embedded  in  their  natural 
positions.  From  the  zone  of  depth  which  these  shells 
are  known  to  inhabit,  they  must  have  been  uplifted 
thirty-two  feet.  He  also  found,  at  from  fifteen  to 
twenty  feet  above  this  bed,  the  remains  of  an  ancient 
beach. 

Ten  miles  southward,  but  120  miles  to  the  west,  at 
Port  S.  Antonio,  the  Officers  employed  on  the  Survey 
assured  me  that  they  saw  many  old  sea-shells  strewed 
on  the  surface  of  the  ground,  similar  to  those  found  on 
other  parts  of  the  coast  of  Patagonia.  At  San  Josef, 
ninety  miles  south  in  nearly  the  same  longitude,  I  found, 
above  the  gravel,  which  caps  an  old  tertiary  forma- 
tion, an  irregular  bed  and  hillocks  of  sand,  several  feet 
in  thickness,  abounding  with  shells  of  Patella  deauriia^ 
MytUtis  MageUanicus,  the  latter  retaining  much  of  its 
colour ;  Fusm  Magelianicus,  (and  a  variety  of  the  same) 
and  a  large  Balanus  (probably  B.  Ihdipa),  all  now  found 
on  this  coast :  I  estimated  this  bed  at  from  eighty  to 
one  hundred  feet  above  the  level  of  the  sea.  To  the 
westward  of  this  bay,  there  is  a  plain  estimated  at  be- 
tween 200  and  300  feet  in  height :  this  plain  seems, 
from  many  measurements,  t )  be  a  continuation  of  the 
sandstone   platform   of  the   river  Negro.      The  next 

*  *  Voyage,*  Jcc.  p.  64. 
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place  southward,  where  I  landed,  was  at  Port  Desire, 
340  miles  distant ;  but  from  the  intermediate  districts 
I  received,  through  the  kindness  of  the  Officers  of  the 
Survey,  especially  from  Lieut.  Stokes  and  Mr.  King, 
many  specimens  and  sketches,  quite  sufficient  to  show 
the  general  uniformity  of  the  whole  line  of  coast.  I 
may  here  state,  that  the  whole  of  Patagonia  consists  of 
a  tertiary  formation,  resting  on  and  sometimes  sur- 
rounding hills  of  porphyry  and  quartz :  the  surface  is 
worn  into  many  wide  valleys  and  into  level  step-formed 
plains,  rising  one  above  another,  all  capped  by  irregular 
beds  of  gravel,  chiefly  composed  of  porphyritic  rocks. 
This  gravel  formation  will  be  separately  described  at 
the  end  of  the  chapter. 

My  object  in  giving  the  following  measurements 
of  the  plains,  as  taken  by  the  Officers  of  the  Survey, 
is,  as  will  hereafter  be  seen,  to  show  the  remarkable 
equability  of  the  recent  elevatory  movements.  Round 
the  southern  parts  of  Nuevo  Gulf,  as  far  as  the  River 
Ohu])at,  (seventy  miles  southward  of  San  Josef)  there 
appear  to  be  several  plains,  of  which  the  best  defined 
are  here  represented. 

No.  I81. 
Section  of  Step-formel  Plains  Sooth  of  Nnevo  Galf. 
350  ft  An.  IL  SOO-220  An.  M.  60  Est 

I ^ ' V 

Weat  • "^  Kwt 

Lerel  of  sea.    Scale  ^  of  inch  to  100  ieet  Tertical. 

N.B.— An.  M.  alvrayB  stands  for  angular  or  trigonometrical  meaanrement. 
Ba.  M.  n  brtrometrical  meaanrement. 

Est.  n  estimation  by  the  Offlcern  of  the  Sorve;. 

The  upper  plain  is  here  well  defined  (called  Table 
Hills) ;  its  edge  forms  a  cliff  or  line  of  escarpment 
many  miles  in  length,  projecting  over  a  lower  plain. 
The  lowest  plain  corresponds  with  that  at  San  Josef 
with   the  recent  shells  on  its  surface.      Between  this 


198  Elevation  of  Patagonia.  part  n. 

lowest  and  the  uppermost  plain,  there  is  probably  more 
than  one  step-formed  terrace:  several  measurements 
show  the  existence  of  the  intermediate  one  of  the  height 
given  in  the  diagram. 

Near  the  north  headland  of  the  great  Bay  of  St. 
George  (100  miles  south  of  the  Chupat),  two  well 
marked  plains  of  250  and  330  feet  were  measured: 
these  are  said  to  sweep  round  a  great  part  of  the  Bay. 
At  its  south  headland,  120  miles  distant  from  the  north 
headland,  the  250  feet  plain  was  again  measured.  In 
the  middle  of  the  bay,  a  higher  plain  was  found  at 
two  neighbouring  places  (Tilli  Roads  and  C.  Marques) 
to  be  580  feet  in  height.  Above  this  plain,  towards 
the  interior,  Mr.  Stokes  informs  me  that  there  were 
several  other  step  formed  plains,  the  highest  of  which 
was  estimated  at  1,200  feet,  and  was  seen  ranging  at 
apparently  the  same  height  for  150  miles  northward. 
All  these  plains  have  been  worn  into  great  valleys  and 
much  denuded.  The  following  section  is  illustrative  of 
the  general  structure  of  the  great  Bay  of  St.  Greorge. 

Seotton  of  Plaina  in  tbe  Bi^  of  St  GoorffBL 
1,S00  feet  Est       Not  nuMored. 
I 
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Uvel  of  Ma.    Scale  ^  of  inch  to  100  feet  TeitlenL 

At  the  south  headland  of  the  Bay  of  St.  George  (near 
C.  Three  Points)  the  250  plain  is  very  extensive.  At 
Port  Desire  *{$f>r\if  miles  southward)  I  made  several 
measurements  with  the  barometer  of  a  plain,  which 
extends  along  the  north  side  of  the  port  and  along  the 
open  coast,  and  which  varies  from  245  to  255  feet  in 
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height :  this  plain  abuts  against  the  foot  of  a  higher 
plain  of  330  feet,  which  extends  also,  far  northward 
along  the  coast,  and  likewise  into  the  interior.  In  the 
distance  a  higher  inland  platform  was  seen,  of  which 
do  not  know  the  height.  In  three  separate  places,  I 
observed  the  cliff  of  the  245-255  feet  plain,  fringed  by 
a  terrace  or  narrow  plain  estimated  at  about  100  feet 
in  height.  These  plains  are  represented  in  the  fol- 
lowing section  : — 

Na  17. 
SeoUon  of  Plains  at  Port  Oesirft 


Not  ICcMimd. 


\ 


^^  "*^        \\i  |g| 


N .         100  ft  Eat 


Lerd  of  sea.    Scale  ^  of  iDch  to  ICO  feet  vertical. 

In  many  places,  even  at  the  distance  of  three  and 
four  miles  from  the  coast,  I  found  on  the  gravel-capped 
sur&ce  of  the  245-255  feet,  and  of  the  330  feet  plain, 
shells  of  Mytilus  MagellanicuSj  M,  edulis,  Patellii 
deauriiay  and  another  Patella,  too  much  worn  to  be 
identified,  but  apparently  similar  to  one  found  abun- 
dantly adhering  to  the  leaves  of  the  kelp.  These 
species  are  the  commonest  now  living  on  this  coast. 
The  shells  all  appeared  very  old :  the  blue  of  the 
mussels  was  much  faded  ;  and  only  traces  of  colour 
could  be  perceived  in  the  Patellas,  of  which  the  outer 
surfaces  were  scaling  off.  They  lay  scattered  on  the 
smooth  surface  of  the  gravel,  but  abounded  most  in 
certain  patches,  especially  at  the  heads  of  the  smaller 
valleys  :  they  generally  contained  sand  in  their  insides ; 
and  I  presume  that  they  have  been  washed  by  alluvial 
action  out  of  thin  sandy  layers,  traces  of  which  may 
sometimes  be  seen  covering  the  gravel.     The  several 
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plains  have  very  level  surfaces ;  bat  all  are  scooped  out 
by  numerous,  broad,  winding,  flat-bottomed  valleys,  in 
which,  judging  from  the  bushes,  streams  never  flow. 
These  remarks  on  the  state  of  the  shells,  and  on  the 
nature  of  the  plains,  apply  to  the  following  cases,  so 
need  not  be  repeated. 

Southward  of  Port  Desire,  the  plains  have  been 
greatly  denuded,  with  only  small  pieces  of  table-land 
marking  their  former  extension.  But  opposite  Bird  Is- 
land, two  considerable  step-formed  plains  were  measured, 
and  found  respectively  to  be  350  and  590  feet  in  height. 
This  latter  plain  extends  along  the  coast  close  to  Port 
St.  Julian  (110  miles  south  of  Port  Desire);  where  we 
have  the  following  section : — 


960  ft.  An.  IL 

NolIS. 
Section  of  Plains  at  Port  St.  JalUui. 

\               MOAn.lL 
\                                                   410  An.  M. 
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s 
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\ 

'^^^ 

Lerdoftei.    Scale  ^  of  inch  to  100  feet  rerticaL 
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The  lowest  plain  was  estimated  at  ninety  feet :  it  is 
remarkable  from  the  usual  gravel-bed  being  deeply 
worn  into  hollows,  which  are  filled  up  with,  as  well  as 
the  general  surface  covered  by,  sandy  and  reddish  earthy 
matter :  in  one  of  the  hollows  thus  filled  up,  the  skeleton 
of  the  lAacfra'mher^ia  PcUachonicaj  as  will  hereafter  be 
described,  was  embedded.  On  the  surfoce  and  in  the 
upper  parts  of  this  earthy  mass,  there  were  numerous 
shells  of  Mytilvs  Magellanicus  and  M.  edvJiis^  PaielUi 
deauriia,  and  fragments  of  other  species.  This  plain 
is  tolerably  level,  but  not  extensive;  it  forms  a  pro- 
montory seven  or  eight  miles  long,  and  three  or  four 
wide.     The  upper  plains  in  the  above  diagram  were 
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measnred  by  the  Qflicers  of  tbe  Suirey ;  they  were  all 
capped  by  thick  beds  of  gravel,  and  were  all  more  or 
less  denuded :  the  9o0  plain  consists  merely  of  sepazute, 
tmncated,  gravel-capped  hills,  two  of  which,  by  measure- 
ment, were  found  to  differ  only  three  feet.  The  430 
feet  plain  extends,  apparently  with  hardly  a  break,  to 
near  the  northern  entrance  of  the  Rio  Santa  Cmz  (fifty 
miles  to  the  south) ;  bat  it  was  there  found  to  be  only 
330  feet  in  height. 

On  the  soathem  side  of  the  month  of  the  Santa  Cruz 
we  have  the  following  section,  which  I  am  able  to  give 
with  more  detail  than  in  the  foregoing  cases : — 

Kal9. 
Sectkm  of  Plains  at  the  month  of  the  Bio  Santa  Crns. 


A40ft  An.)L 

710  Ail  M. 

A 

lil 

V 

si 

Level  of  aea.    Scale  ^g  of  inch  to  100  feet  TcrticaL 

The  plain  marked  355  feet  (as  ascertained  by  the 
barometer  and  by  angnlar  measnrement)  is  a  continua- 
tion of  the  above-mentioned  330  feet  plain :  it  extends 
in  a  NW.  direction  along  the  soathem  shores  of  the 
estnary.  It  is  capped  by  grav^el,  which  in  most  parts  is 
covered  by  a  thin  bed  of  tondy  earth,  and  is  scooped  out 
by  many  flat-bottomed  valleys.  It  appears  to  the  eye 
quite  level,  but  in  proceeding  in  a  SSW.  course,  towards 
an  escarpment  distant  about  six  miles,  and  likewise 
ranging  across  the  country  in  a  NW.  line,  it  was  found 
to  rise  at  first  insensibly,  and  then  for  the  last  half  mile, 
sensibly,  close  up  to  the  base  of  the  escarpment:  at 
this  point  it  was  463  feet  in  height,  showing  a  rise  of 
108  feet  in  the  six  miles.  On  this  355  to  463  feet 
plain,  I  found  several  shells  of  Mytilus  Magellanicus 
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and  of  a  Mytilas,  which  Mr.  Sowerby  informs  me  is  yet 
unnamed,  though  well  known  as  recent  on  this  coast ; 
Patella  deaurita ;  FusuSy  I  believe,  MagelianicuSj  but 
the  specimen  has  been  lost ;  and  at  the  distance  of  four 
miles  from  the  coast,  at  the  height  of  about  400  feet, 
there  were  fragments  of  the  same  Patella  and  of  a 
Yolata  (apparently  V.  anciUa)  partially  embedded  in 
the  superficial  sandy  earth.  All  these  shells  had  the 
same  ancient  appearance  with  those  from  the  foregoing 
localities.  As  the  tides  along  this  part  of  the  coast 
rise  at  the  Syzygal  period  forty  feet,  and  therefore  fonn 
a  well-marked  beach-line,  I  particularly  looked  out  for 
ridges  in  crossing  this  plain,  which,  as  we  have  seen, 
rises  108  feet  in  about  six  miles,  but  I  could  not  see 
any  traces  of  such.  The  next  highest  plain  is  710  feet 
abDve  the  sea^;  it  is  very  narrow,  but  level,  and  is 
capped  with  gravel;  it  abuts  to  the  foot  of  the  840 
feet  plain.  This  summit-plain  extends  as  far  as  the 
eye  can  range,  both  inland  along  the  southern  side  ot 
the  valley  of  the  Santa  Cruz,  and  southward  along  the 
Atlantic. 

The  Valley  of  ihe  R,  Santa  Cruz, — This  valley  runs 
in  an  east  and  west  direction  to  the  Cordillera,  a  dis« 
tance  of  about  160  miles.  It  cuts  through  the  great 
Patagonian  tertiary  formation,  including,  in  the  upper 
half  of  the  valley,  immense  streams  of  basaltic  lava, 
which,  as  well  as  the  softer  beds,  are  capped  by  gravel ; 
and  this  gravel,  high  up  the  river,  is  associated  with  a 
vast  boulder  formation.'  In  ascending  the  valley,  the 
plain  which  at  the  mouth  on  ttad  southern  side  is  355 
feet  high,  is  seen  to  trend  towards  the  corresponding 
plain  on  the  northern  side,  so  that  their  escarpments 
appear  like  the  shores  of  a  former  estuary,  larger  than 

'  I  have  described  this  formation  in  a  paper  in  the  '  Geological 
Transactions,'  voL  vi.  p.  416. 
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ments  of  the  secoDtc  r.ritfBi  V-im*  the  **iJLagc  vidih 
is  about  four  or  £^7  xniias.  The  tKinonE  of  the  nklJex. 
at  tbe  difiUmce  of  110  miieE  ^^nc  its  nxnniii.  berin^ 
flenmhhr  to  expand,  and  «wk  f  coik  a  cosiBQa&'tiie  plaiiu 
440  feet  i^Mwe  the  ler^  of  the  eea.  throng  whic^  the 
lirer  fiowE  in  a  gut  inrai  i«aiM  -tti  f «tt  ft^et  in  depih. 
1  hore  fomid.  at  a  point  of  I  -^>>  nmes  ^om  the  Aimaxx^ 
and  He^cut^  miiee  irooL  the  nearest  creek  of  the  IPmei&Cj 
at  the  height  of  41  ('  icset^  a  very  ojq  and  worn  fiheL  c^ 
Faidla  dcawni-a^  Ijom^sr  dci«rn  the  vaiit^,  JU5  miieB 
from  the  Atiannc  rion^.  Tl'^  W.^.  and  at  an  eieratKtn 
of  about  -ilM.'  feet,  I  aiso  feond.  in  the  bed  of  the  river, 
two  mD<^  worn  and  farcMLen  Eheli^  of  the  lu/ti^a  ag^'d^a^ 
Etill  retainino'  tiace^  of  their  coionrs :  and  ooe  of  the 
Fidelia  dtauriia.  It  appeared  that  these  ehelis  had 
been  washed  frcnc  the  faanivE  into  the  nver ;  con&ad^ing 
the  disfcanee  from  the  sea.  the  deeert  and  absoiotelv 
nn&Bqnentc^d  chacacter  of  the  coimtry,  and  the  veiT 
ancicDt  appearanoe  of  the  fibelis  (exactly  like  thom 
found  on  the  plains  nearer  the  coast ;.  there  i&  I  think, 
no  caoae  to  aiiapect  that  tbey  could  have  been  brraght 
here  br  Indiann 

The  plain  at  the  head  of  the  valley  is  toieiably 
levd.  but  water-worn,  and  with  manv  aand^oneB  on  it 
like  ihoee  on  a  fieaHsoaxt.     At  the  highest  point  to  which 
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plain  was  generally  wider  than  the  lower  ones — as 
indeed  follows  from  the  valley  from  A  (n)  to  A  («) 
being  generally  nearly  doable  the  width  from  B  (n) 
to  B  («).  Low  down  the  valley,  the  summit-plain  A  [^ 
is  continuous  with  the  840  feet  plain  on  the  coast,  but  it 
is  soon  lost  or  unites  with  the  escarpment  of  B  («). 
The  corresponding  plain  A  (^t),  on  the  north  side  of  the 
valley,  appears  to  range  continuously  from  the  Cordil- 
lera to  the  head  of  the  present  estuary  of  the  S.  Cruz, 
where  it  trends  northward  towards  Port  St.  Julian. 
Near  the  Cordillera  the  summit-plain  on  both  sides  of 
the  valley  is  between  3,200  and  3,300  feet  in  height ; 
at  100  miles  from  the  Atlantic,  it  is  1,416  feet,  and  on 
the  coast  840  feet,  all  above  the  sea-beach ;  so  that  in 
a  distance  of  100  miles  the  plain  rises  576  feet,  and 
much  more  rapidly  near  to  the  Cordillera.  The  lower 
terraces  B  and  C  also  appear  to  rise  as  they  run  up  the 
valley;  thus  D  (»),  measured  at  two  points  twenty- 
four  miles  apart,  was  found  to  have  risen  185  feet. 
From  several  reasons  I  suspect,  that  this  gradual 
inclination  of  the  plains  up  the  valley,  has  been  chiefly 
caused  by  the  elevation  of  the  continent  in  mass, 
having  been  the  greater  the  nearer  to  the  Cordillera. 

All  the  terraces  are  capped  with  well-rounded  gravel, 
which  rests  either  on  the  denuded  and  sometimes 
furrowed  surface  of  the  soft  tertiary  deposits,  or  on  the 
basaltic  lava.  The  difference  in  height  between  some 
of  the  lower  steps  or  terraces  seems  to  be  entirely 
owing  to  a  difference  in  the  thickness  of  the  capping 
gravel.  Furrows  and  inequalities  in  the  gravel,  where 
such  occur,  are  filled  up  and  smoothed  over  with  sandy 
earth.  The  pebbles,  especially  on  the  higher  plains, 
are  often  whitewashed,  and  even  cemented  together  by 
a  white  aluminous  substance ;  and  I  occasionally  found 
this  to  be  the  case  with  the  gravel  on  the  terrace  D. 
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I  oooU  not  percetTe  ut  tnoe  of  a  siiiiiihr  deposit 
doD  oa  the  pebUes  now  thioim  ap  by  the  lira-,  and 
therelbiQ  I  do  not  think  that  tenace  D  was  iiYer- 
formed.  Ab  the  tenaoe  E  g^ienlly  stands  about 
twenty  feet  above  the  bed  of  the  lirer^  m  j  fiist  impres- 
sion was  to  doobt  whether  eren  this  h>west  one  ooald 
hare  been  so  formed ;  bat  it  shoold  alwavs  be  borne  in 
mind,  that  the  horiaontal  npheaval  </  a  district,  bj  in- 
creasing the  total  descent  </  the  streams^  will  always 
tend  to  mciease,  first  near  the  sea-ooast  and  then 
&rther  and  fivtho'  op  the  Yalley,  their  owroding  and 
deepening  powers:  so  that  an  aUnvial  phun,  formed 
almost  on  a  lerd  with  a  stream,  wiU,  after  an  elevation 
of  this  kind,  in  time  be  cat  thiongfa,  and  left  standing 
at  a  height  never  again  to  be  readied  by  the  water. 
With  respect  to  the  three  upper  tenaoes  of  the  S.  Cros, 
I  think  there  can  be  no  doabt,  that  they  were  modelled 
by  the  sea,  when  the  valley  was  occapied  by  a  strait,  in 
the  same  manner  (hereafiier  to  be  discossed),  a3  the 
greater,  step-fivmed,  shdl-strewed  plains  along  the 
coast  of  Pstsgcmta. 

To  return  to  the  shores  of  the  Atlantic  the  840 
feet  plain,  at  the  month  of  the  Santa  Cms,  is  seep  ex* 
tending  honzontaljy  far  to  the  soath ;  and  I  am  in- 
formed by  the  Officers  of  the  Survey,  that  bending  roand 
the  head  ci  Coy  Inlet  (sixty-five  miles  soathward),  it 
trends  inland.  Oatliers  of  apparently  the  same  height 
are  seen  forty  miles  farther  south,  inland  of  the  river 
Gallegos;  and  a  plain  comes  down  to  Cape  Gregory 
(thirty-five  miles  soathward),  in  the  Strait  of  Magellan, 
which  was  estimated  at  between  800  and  1,000  feet 
in  height,  and  which,  rising  towards  the  interior,  is 
capped  by  the  boulder  formation.  South  of  the  Strait 
of  Magellan,  there  are  large  outlying  masses  of  appa- 
rently the  same  great  table-land,  extending  at  intervals 
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along  the  eastern  coast  of  Tierra  del  Fn^o :  at  two 
places  here,  110  miles  apart,  this  plain  was  found  to  be 
950  and  970  feet  in  height. 

From  C07  Inlet,  where  the  high  snmmit-plain 
trends  inland,  a  plain  estimated  at  350  feet  in  height, 
extends  for  forty  miles  to  the  river  Gallegos.  From 
this  point  to  the  Strait  of  Magellan,  and  on  each  side 
of  that  Strait,  the  countiy  has  been  much  denuded  and 
is  less  level.  It  consists  chiefly  of  the  boalder  forma- 
tion, which  rises  to  a  height  of  between  150  and  250 
feet,  and  is  often  capped  by  beds  of  gravel.  At  N.S. 
Gracia,  on  the  north  side  of  the  Inner  Narrows  of  the 
Strait  of  Magellan,  I  foand  on  the  summit  of  a  cliff, 
160  feet  in  height,  shells  of  existing  Patellae  and  Mytili,  ' 
scattered  on  the  surface  and  partially  embedded  in 
earth.  On  the  eastern  coast,  also,  of  Tierra  del  Fuego, 
in  latitude  53^  20'  S.,  I  found  many  Mytili  on  some 
level  land,  estimated  at  200  feet  in  height.  Anterior 
to  the  elevation  attested  by  these  shells,  it  is  evident 
by  the  present  form  of  the  land,  and  by  the  distribution 
of  the  great  erratic  boulders '  on  the  surface,  that  two 
sea-channels  connected  the  Strait  of  Magellan  both 
with.  Sebastian  Bay  and  with  Otway  Water. 

CoTtduding  remarks  on  the  recent  elevation  of  the 
south-eastern  coasts  of  America,  and  on  the  action  of 
the  sea  on  the  land. — Upraised  shells  of  species,  still  ex- 
isting as  the  commonest  kinds  in  the  adjoining  sea,  occur, 
as  wo  have  seen,  at  heights  of  between  a  few  feet  and  410 
feet,  at  intervals  from  latitude  33''  40'  to  53""  20'  South. 
This  is  a  distance  of  1,180  geographical  miles — about 
equal  from  London  to  the  North  Cape  of  Sweden.  As 
the  boulder  formation,  extends  with  nearly  the  same 
height  150  miles  south  of  53^  20',  the  most  southern 
point  where  1  landed  and  found  upraised  shells;  and 

'  *  Geolog.  Transactions/  vol.  ▼!.  p.  419. 
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as  tbe  lerel  Pampaa  rangeB  msny  liiixidi«d  xniles  nordi- 
ward  of  the  point,  where  M.  d'Orbigrnj  ibimd  st  l^e 
height  of  100  feet  bede  of  the  Amra,  the  Bpaoe  in  a 
DorUi  and  south  line,  which  has  been  uplifted  within 
the  recent  period,  mnst  have  been  mnch  above  the 
1,1 80  miles.  By  the  term  *  recent,'  I  refer  only  to  that 
period  within  which  the  now  living  moUnaca  were 
called  into  existence  ;  £xr  it  will  be  se^i  in  the  eleventh 
Chapter,  that  bodi  at  Bahia Blancaand  P.  S.  Jnlian,  the 
mammiferons  qnadmpeds  which  oo-existed  with  these 
shells  belong  to  extinct  species.  I  have  said  that  ihe 
npraised  shells  were  fonnd  only  at  intervals  on  this  line 
of  coast,  bat  this  in  all  probability  may  be  attributed 
to  my  not  having  landed  at  the  intermediate  points ; 
for  wherever  I  did  land,  with  the  exception  of  the 
river  Negro,  shells  were  found:  mcneover,  Hke  shells 
are  strewed  on  plains  or  terraces,  which,  as  we  shall 
immediately  see,  extend  for  great  distances  witii  a 
uniform  height.  I  ascended  the  highw  plains  only  in 
a  few  places,  owing  to  tbe  distance  at  which  their 
escarpments  generally  range  from  the  coast,  so  that  I 
am  far  from  knowing  that  410  feet  is  the  maximam  of 
elevation  of  these  npraised  remains.  The  shells  are 
those  now  most  abundant  in  a  living  state  in  the 
adjoining  sea.'  AU  of  them  have  an  ancient  appear- 
ance ;  but  some,  especially  the  musselF,  although  lying 
fully  exposed  to  the  weather,  retain  to  a  considerable 
extent  their  colours :  this  circumstance  appears  at  first 
surprising,  bat  it  is  now  known  that  the  colouring 
principle  of  the  Mytilos  is  so  ^iduring,  that  it  is  pre- 
served when  the  shell  itself  is  completely  disintegrated.* 

■  Capt  Kiog, '  Voyages  of  Adventnte  and  Beagle,*  toL  i  pp.  6 
and  133. 

«  See  Mr.  Lyell'B  •  Proofs  of  a  Gradual  Eisin?  in  Sweden/  in  the 
•  PhiloBoph.  Transact.*  1836,  p.  1.  bee  aL-o  Mr.  Smith,  of  JohUd 
Hill,  in  tbe  *Sdiii.  New  Fhil.  Joaniai;  voL  xsv.  p.  31^3. 
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Most  of  the  shells  are  broken ;  I  nowhere  found  two 
valves  united ;  the  fragments  are  not  rounded,  at  least 
in  none  of  the  specimens  which  I  brought  home. 

With  respect  to  the  breadth  of  the  upraised  area  in 
an  east  and  west  line,  we  know  from  the  shells  found  at 
the  inner  Narrows  of  the  Strait  of  Magellan,  that  tho 
entire  width  of  the  plain,  although  there  very  narrow, 
has  been  elevated.     It  is  probable  that  in  this  southern- 
most part  of  the  continent,  the  movement  has  extended 
under  the  sea  far  eastward ;  for  at  the  Falkland  Islands, 
though  I  could  not  find  any  shells,  the  bones  of  whales 
have  been  noticed  by  several  competent  observers,  lying 
on  the  land  at  a  considerable  distance  from  the  sea,  and 
at  the  height  of  some  hund/ed  feet  above  itJ     More- 
over, we  know  that  in  Tierra  del  Fuego  the  boulder  for- 
mation has  been  uplifted  within  the  recent  period,  and  a 
similar  formation  occurs  *  on  the  north-western  shores 
(Byron  Sound)  of  these  islands.      The  distance  from 
this  point  to  the  Cordillera  of  Tierra  del  Fuego,  is  360 
miles,  which  we  may  take  as  the  probable  width  of  the 
recently  upraised  area.     In  the  latitude  of  the  B.  Santa 
Cruz,  we  know  from  the  shells  found  at  the  mouth  and 
head,  and  in  the  middle  of  the  valley,  that  the  entire 
width  (about  160  miles)  of  the  surface  eastward  of  the 
Cordillera  has  been  upraised.     From  the  slope  of  the 
plains,  as  shown  by  the  course  of  the  rivers,  for  several 
degrees  northward  of  the  S.  Cruz,  it  is  probable  that  the 
elevation  attested  by  the  shells  on  the  coast  has  likewise 
extended  to  the  Cordillera.     When,  however,  we  look  as 
far  northward  as  the  provinces  of  La  Plata,  this  conclusion 

>  *  Voyages  of  the  Adventure  and  Beagle,*  toL  ii.  p.  227.  And 
Doagainville*8  '  Voyage,*  tome  i.  p.  112. 

'  I  owe  this  fact  to  the  kindness  of  Capt.  Sulivan,  R.N.,  a  highly 
competent  observer.  I  mention  it  more  especially,  as  in  my  Pkper 
(p.  427)  on  the  Boulder  Formation,  I  have,  after  having  examined 
the  northf rn  and  middle  partn  of  the  eastern  island,  said  that  th« 
formation  was  here  wboUj'  absent. 
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wonld  be  veiy  luasFdous ;  not  only  is>  tbe  distance  from 
Maldanado  (wbeirB  I  fonnd  upraised  dieUs)  to  the 
CardiBera  gi^eat,  xunnely,  760  inileB,  bnt  at  the  head 
of  the  eBtoary  cf  the  Plata,  a  XX£.  and  SSW.  range 
of  tertiaxy  Tolcanic  rocks  lias  been  obsezT-ed,^  which 
may  well  indicate  an  axis  of  elevation  qidte  distinct 
from  that  of  the  Andes.  Moreover,  in  the  centre  of 
the  Pampas  in  the  chain  of  Cordova,  severe  earthquakes 
have  been  &lt;^  whereas  at  Mendoza,  at  the  ea^m 
foot  of  the  Cordillera,  only  gentle  oscillationB,  trans- 
mitted fpom  the  -^Rires  of  the  Pacific,  bave  ever  been 
experienced.  Hence  the  elevation  of  Ha^  Pampas  may 
be  dne  to  several  distinct  axes  of  movement ;  and  we 
cannot  jndge,  firom  the  npraised  shells  roimd  the  estnary 
of  the  Plata,  of  the  breadth  of  the  area  npbfied  within 
the  recent  period. 

Not  only  has  the  above  specified  long  range  of  coast 
been  elevated  within  the  recent  period,  bnt  I  think  it 
may  be  safely  inferred  from  the  similarity  in  beight  of 
tbe  gravel'-capped  plains  at  distant  points,  that  there 
bas  been  a  remit  iable  degree  of  equability  in  Ibe 
elevatoiy  process.  1  may  premise,  that  when  I  mea- 
snred  the  plains,  it  was  simply  to  ascertain  the  beigbts 
at  which  sheUs  oocnrred ;  afterwards,  comparing  these 
measnrements  with  some  of  those  made  dnring  the 
Survey,  I  was  stmck  with  their  uniformity,  and  acoord- 

'  This  ▼olcanic  formation  will  be  deBcribed  in  Chapter  XL  It  is 
not  improbable  that  the  hdght  of  tbe  upraised  shells  at  the  head 
of  the  estnaiy  of  the  Plata,  beini^  greater  than  at  fiafaia  Blanca  or 
at  Ban  Bias,  may  be  owing  to  the  upheaval  of  these  latter  places 
having  been  connected  with  the  distani  line  of  the  CordiBera,  whikt 
that  of  tbe  provinces  of  La  Plata  was  in  connection  with  tlie  adjoin- 
ing tertiary  volcanic  axis. 

'  Bee  Sir  W.  Parisb's  woxic  on  '  la  Plata^*  p.  242.  For  a  notice  of 
an  earthqoake  which  drained  a  lake  near  Co^ova,  see  also  Temple's 
*  Travels  in  Peru.'  Sir  W.  F&rish  informs  me,  that  a  town  between 
Balta  and  Tncuman  (north  of  Cordova)  was  formerly  utterly  over- 
llirown  by  an  earthquake. 

15 
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ingly  tabulated  all  those  which  represented  the  sum- 
Diit-edges  of  plains.  The  extension  of  the  330  to  355 
feet  plain  is  very  striking,  being  foand  over  a  space  of 
500  geographical  miles  in  a  north  and  south  line.  A 
table  of  the  measurements  is  here  given.  The  angular 
measurements  and  all  the  estimations  are  by  the  Officers 
of  the  Survey;  the  barometrical  ones  by  myself: — 

Feet 
Galles-os  River  to  Coy  Inlet  (partly  angular  meas.  and  partly    . 

estim.) 3oO 

South  Side  of  Santa  Cruz  (ang.  and  barim.  meas.)  •        .  355 

Noith  Side  of    do.  (an;?,  m.) 330 

Bird  Island,  plain  opposite  to  (ang.  m.) 850 

Port  Desire,  plain  extending  far  a^ong  coast  (barom.  m.)  .  .  330 
St.  George's  Bay,  north  promontory  (ang.  m.)  ....  3.H0 
Table  Land,  south  of  New  Bay  (ang.  m.) 350 

A  plain,  varying  from  245  to  255  feet,  seems  to 
extend  with  much  uniformity  from  Port  Desire  to  the 
north  of  St.  George's  Bay,  a  distance  of  170  miles; 
and  some  approximate  measurements,  also  given  in  the 
following  table,  indicate  the  much  greater  extension  of 
780  miles: — 

Feet 

Cny  Inlet,  son'h  of  (partly  ang.  m.  and  partly  estim.)  200  to  300 

Port  Desire  (barom.  m.) 245  to  255 

C.  Blanco  (ang.  m.) 250 

North  Promontory  of  St.  Geoige^s  Bay  (ang.  m.)        •  250 

South  of  New  Bay  (aog.  m.) 200  to  2?0 

North  of  S.  JoHef  (^-htim.) 2(K)  to  300 

Plain  of  Rio  Negro  (ang.  m.) 200  to  220 

Bahia  Blanca  (estim.) 200  to  300 

The  extension,  moreover,  of  the  560  to  580,  and  of 
the  80  to  100  feet,  plains  is  remarkable,  though  some- 
what less  obvious  than  in  the  former  cases.  Bearing 
in  mind  that  I  have  not  picked  these  measurements 
out  of  a  series,  but  have  used  all  those  whiolt  repre- 
sented the  edges  of  plains,  I  think  it  scarcely  possible 
that  these  coincidences  in  .height  should  be  accidental. 
We  must  therefore  conclude  that  the  action,  whatever 
it  may  have  been,  by  which  these   plains   have  been 
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modelled  into  their  present  forros.  Iuls  been 
nniform. 

Theee  plions  ^x  great  tennces.  of  whicli  three  and 
four  often  rise  like  steps  one  behind  the  other,  are 
fonned  bv  the  denndadon  of  the  old  Bataffonian 
tertiary  beds,  and  by  the  depodticMi  <mi  their  soi&ces  of 
a  mass  of  well-roonded  graveL  Tarring,  near  the  coasts 
firom  ten  to  thirty-five  feet  in  thickness,  bnt  increasing 
in  thickness  tovraids  the  interior.  The  gravel  is  often 
capped  by  a  thin  irregnlar  bed  of  sandy  earth.  The 
plains  slope  up,  though  seldom  sensibly  to  the  eye, 
from  the  sammit-edge  of  one  escarpment  to  the  foot  of 
the  next  hi^est  one.  Within  a  distance  of  150  miles^ 
between  Santa  Cruz  to  Port  Desire^  where  the  plains 
are  particularly  well  developed,  there  are  at  least  seven 
stages  or  steps,  one  above  the  other.  On  the  three 
lower  ones,  namelv,  those  of  100  feet,  250  feet,  and 
350  feet  in  height,  existing  littoral  shells  are  abundantly 
strewed,  either  on  the  surface,  or  partially  embedded  in 
the  superficial  sandy  earth.  By  whatever  action  these 
three  lower  plains  have  been  modelled,  so  undoubtedly 
have  all  the  higher  ones,  up  to  a  height  of  950  feet  at 
S.  Julian,  and  of  1,200  feet  (by  estimation)  along  St. 
George's  Bay.  I  think  it  will  not  be  disputed,  con- 
sidering the  presence  of  the  upraised  marine  shells,  tliat 
the  sea  has  been  the  active  power  during  stages  of  some 
kind  in  the  elevatory  process. 

We  will  now  briefly  consider  this  subject:  if  we 
look  at  the  exist'ng  coast-Un^  the  evidence  of  the 
great  denuding  power  of  the  s^  is  very  distinct ;  for, 
from  Cape  St.  Diego,  in  lat.  54°  30'  to  the  mouth  of 
the  Rio  Negro,  in  lat.  31°  (a  length  of  more  than  800 
miles),  the  shore  is  formed,  with  singularly  few  excep- 
tions, of  bold  and  naked  clifis:  in  many  places  the 
cliffs  are  high  ;  thus,  Bouth  of  the  Santa  Cruz,  they  are 
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betweeo  800  and  900  feet  in  height,  with  their  hori- 
zontal strata  abruptly  cat  off,  showing  the  immeuEe 
mass  of  matter  which  has  been  removed.  Nearly  this 
whole  line  of  coast  consists  of  a  series  of  greater  or 
lesser  curves,  the  horns  of  which,  and  likewise  certain 
straight  projecting  portions,  are  formed  of  hard  rocks ; 
hence  the  concave  parts  are  evidently  the  effect  and  the 
measure  of  the  denuding  action  on  the  softer  strata. 
At  the  foot  of  all  the  cliffs^  the  sea  shoals  very  gradually 
far  outwards  ;  and  the.^)x>ttom,  for  a  space  of  some 
miles,  everywhere  consists  of  gravel.  I  carefully  ex- 
amined the  bed  of  the  sea -off  the  Santa  Cruz,  and  found 
that  its  inclination  was  exactly  the  same,  both  in 
amount  and  in  its  peculiar  curvature,  with  that  of  the 
355  feet  plain  at  the  same  place.  If,  therefore,  the 
coast,  with  the  bed  of  the  adjoining  sea,  were  now  sud- 
denly elevated  100  or  200  feet,  an  inland  Une  of  cliffs, 
that  is  an  escarpment,  would  be  formed,  with  a'  gravel- 
capped  plain  at  its  foot  gently  sloping  to  the  sea,  and 
having  an  inclination  like  that  of  the  existing  355  feet 
plain.  From  the  denuding  tendency  of  the  sea,  this 
newly  formed  plain  would  in  time  be  eaten  back  into  a 
cliff:  and  repetitions  of  this  elevatoiy  and  denuding 
process  would  produce  a  series  of  gravel-capped,  sloping 
terraces,  rising  one  above  another,  like  those  fix)nting 
the  shores  of  Patagonia, 

The  chief  difficulty  (for  there  are  other  inconsider- 
able ones)  on  this  view,  is  the  &ct, — as  fisur  as  I  can 
trust  two  continuous  Uiies  of  soundings  carefully  taken 
between  Santa  Cru2  and  the  Falkland  Islands,  and 
several  scattered  observations  on  this  and  other  coasts, — 
that  the  pebbles  at  the  bottom  of  the  sea  quicMy  and 
regularly  decrease  in  size  with  the  increasing  depth 
and  distance  from  the  shore,  whereas  in  the  gravel  on 
the  sloping  plains,  no  such  decrease  in  size  was  per* 
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ceptible.    The  following  tsble  gives  tie  average  result 
of  many  soundings  <^  the  Santa  Cruz : — 

Under  two  mUes  from  the  Phore,  many  <rf  tlie  pebbles  were  of 
\axg^  siae  mingtfd  with  sofse  Bmall 

n^itt 

UtoUfal 

17  to  If      do. 
S3  to  SI      dD. 

90  to  40      do. 
tf  to<S      da 


llo     4  milBi  fnn&  tJ»»  sbore. 


C  to     7  iure>         dOL 
lUto   llmilM         doL 


IS  milei 

SStoUeailBi 


ia  cvwy  tatm  wttb 


Aslu«OMln«l 

From  throe  to  four  tcnUis  oC 

OB  is^  !•  dSaawter. 
T  vo^entht  of  ao  iix-h. 
OuB^tcntkoC  OB  insh,  to  tbo 
kd. 


I  partacolariy  attended  to  the  size  of  the  pebbles  on 
the  355  feet  Santa  Croz  plain,  and  I  noticed  that  on 
the  snmmitr-edge  of  the  present  aea^lifb  maty  were 
as  large  as  half  of  a  man's  head ;  and  in  crossing  fix>m 
these  di&  to  the  foot  of  the  next  highest  escarpment, 
a  distance  of  fflx  miles,  I  could  not  observe  any  increase 
in  their  siae.  We  shall  preeratly  see  that  tibe  tiieory 
of  a  slow  and  almost  insensible  rise  of  tlie  land,  will 
explam  all  the  fftcts  connected  with  the  gravel-capped 
terraces,  better  than  the  theory  of  sudden  elevations  of 
from  one  to  two  hundred  feet. 

IL  d'Qrhigny  has  argued,  from  lie  upraised  diells 
at  San  Bias  being  embedded  in  the  portions  in  which 
they  lived,  and  from  the  valves  of  the  Azara  labiaia 
high  on  the  banks  of  the  Parana  being  united  and  un- 
rolled, that  the  elevation  of  Northwn  Patagonia  and  of 
La  Plata  must  have  been  sudden ;  for  he  thinks,  if  it 
had  been  gradual,  these  shells  would  all  have  been 
rolled  on  Buocessive  beadi-lines.  But  in  protected  bays, 
audi  as  in  that  of  Bahia  Blanca,  wherever  the  sea  is 
accumulating  extensive  mud-banke,  or  where  the  winds 
quietly  heap  up  sand-dunes,  beds  of  shells  might  assuredly 
be  preserved  buried  in  the  posititms  in  whidb  they  had 
lived,  even  whilst  the  land  retained  the  same  level ;  any, 
the  smallest,  amount  of  elevation  would  directl}^  aid  in 
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their  preservatiou.  I  saw  a  multitude  of  spots  in  Bahia 
Blanca  where  this  might  have  been  effected;  and  at 
Maldonado  it  almost  certaiuly  has  been  effected.  In 
speaking  of  the  elevation  of  the  land  having  been  slow, 
I  do  not  wish  to  exclude  the  small  starts  which  accom- 
pany earthquakes,  as  on  the  coast  of  Chile ;  and  by  such 
movements  beds  of  shells  might  easily  be  uplifted,  even 
in  positions  exposed  to  a  heavy  surf,  without  undergoing 
any  attrition  :  for  instance,  in  1835,  a  rocky  flat  off  the 
island  of  Santa  Maria  was  at  one  blow  upheaved  above 
high-water  mark,  and  was  left  covered  with  gaping  and 
putrefying  mussel-shells,  still  attached  to  the  bed  on 
which  they  had  lived.  If  M.  d'Orbigny  had  been  aware 
of  the  many  long  parallel  lines  of  sand-hillocks,  with 
infinitely  numerous  shells  of  the  Mactra  and  Venus,  at 
a  low  level  near  the  Uruguay ;  if  he  had  seen  at  Bahia 
Blanca  the  immense  sand-dunes,  with  water-worn  pebbles 
of  pumice,  ranging,  in  parallel  lines,  one  behind  the  other 
up  a  height  of  at  least  120  feet ;  if  he  had  seen  the  sand- 
dunes,  with  the  countless  Paludestrinas,  on  the  low  plain 
near  the  Fort  at  this  place,  and  that  long  line  on  the  edge 
of  the  cliff,  sixty  feet  higher  up ;  if  he  had  crossed  that 
long  and  great  belt  of  parallel  sand-dunes,  eight  miles  in 
width,  standing  at  the  height  of  from  forty  to  fifty  feet 
above  the  Colorado,  where  sand  could  not  now  collect,— 
I  cannot  believe  he  would  have  thought  that  the  eleva- 
tion of  this  great  district  had  been  sudden.  Certainly  the 
sand-dunes  (especially  when  abounding  with  shells), 
which  stand  in  ranges  at  so  many  different  levels,  must 
all  have  required  long  time  for  their  accumulation ;  and 
hence  I  do  not  doubt  that  the  last  100  feet  of  elevation 
of  La  Plata  and  Northern  Patagonia  has  been  exceed* 
ingly  slow. 

If  we  extend  this  conclusion  to  Central  and  Southern 
Patagonia,  the  inclination   of  the   successively  rising 
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graTel-capped  phins  can  be  explained  quite  as  well,  as 
by  the  more  obTioos  yiew  already  given  of  a  few  com- 
paratively  great  and  sadden  elevations ;  in  eitlier  case 
we  most  admit  long  poiods  of  rest,  daring  which  the 
sea  ate  deeply  into  the  land.  Let  as  suppose  the 
present  coast  to  rise  at  a  nearly  equable,  slow  rate,  yet 
suflBciently  quick  to  prevent  the  waves  quite  removing 
each  part  as  soon  as  broo^t  up;  in  this  case  every 
portion  of  the  present  bed  of  the  sea  will  saccessively 
form  a  beach-line,  and  from  being  exposed  to  a  like 
action  will  be  similarly  affected.  It  cannot  matter  to 
what  height  the  tides  rise,  even  if  to  forty  feet  as  at 
Santa  Cruz,  for  they  will  act  with  equal  force  and  in 
like  manner  on  each  successive  line.  Hence  there  is 
no  difficulty  in  the  fact  of  the  355  feet  plain  at  Santa 
Cruz  sloping  up  108  feet  to  the  foot  of  the  next  highest 
escarpment,  and  yet  having  no  marks  of  any  one  par- 
ticular beach-line  on  it ;  for  the  whole  surface  on  this 
view  has  been  a  beach.  I  cannot  pretend  to  follow  out 
the  precise  action  of  the  tidal  waves  daring  a  rise  of 
the  land,  slow,  yet  sufficiently  quick  to  prevent  or  check 
denudation :  but  if  it  be  analogous  to  what  takes  place 
on  protected  parts  of  the  present  coast,  where  gravel  is 
now  accumulating  in  lai^  quantities,^  an  inclined 
surface,  thickly  capped  by  well-rounded  pebbles  of 
about  the  same  size,  would  be  ultimately  left.  On  the 
gravel  now  accumulating,  the  waves,  aided  by  the  wind, 
sometimes  throw  up  a  thin  covering  of  sand,  together 
with  the  common  coast-shells.  Shells  thus  cast  up  by 
gales,  would,  during  an  elevatory  period,  never  again 
be  touched  by  the  sea.  Hence,  on  this  view  of  a  slow 
and  gradual  rising  of  the  land,  interrupted  by  periods 

^  On  the  eastern  side  of  Chiloe,  which  island  we  shall  see  in  the 
next  chapter  is  now  risins^,  I  observed  that  all  the  beaches  and  exten« 
sire  tidal  fiats  were  formed  of  ah  ingle. 
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of  rest  and  denudation,  we  can  understand  the  pebbles 
being  of  about  the  same  size  over  the  entire  width  of 
the  step-like  plains, — the  occasional  thin  covering  of 
sandy  earth, — and  the  presence  of  broken,  unrolled 
fragments  of  those  shells,  which  now  live  exclusively 
near  the  coast. 

Summary  of  Beevlts, — ^It  may  be  concluded  that 
the  coast  on  this  side  the  continent,  for  a  space  of  at 
least  1,180  miles,  has  been  elevated  to  a  height  of  100 
feet  in  La  Plata,  and  of  400  feet  in  Southern  Patagonia, 
within  the  period  of  existing  shells,  but  not  of  existing 
mammifers.  That  in  La  Plata  the  elevation  has  been 
very  slowly  effected :  that  in  Patagonia  the  movement 
may  have  been  by  considerable  starts,  but  much  more 
probably  slow  and  quiet.  In  either  case,  there  have 
been  long  intervening  periods  of  comparative  rest,^ 
during  which  the  sea  corroded  deeply,  as  it  is  still  cor- 
roding,  into  the  land.  That  the  periods  of  denudation 
and  elevation  were  contemporaneous  and  equable  over 
great  spaces  of  coast,  as  shown  by  the  equable  heights 
of  the  plains;  that  there  have  been  at  least  eight 
periods  of  denudation,  and  that  the  land,  up  to  a  height 
of  from  950  to  1,200  feet,  has  been  similarly  modelled 
and  affected :  that  the  area  elevated,  in  the  southern* 
most  part  of  the  continent,  extended  in  breadth  to 
the  Cordillera,  and  probably  seaward  to  the  Falkland 
Islands ;  that  northward,  in  La  Plata,  the  breadth  is 
unknown,  there  having  been  probably  more  than  one 
axis  of  elevation;  and  finally,  that,  anterior  to  the 
elevation  attested  by  these  upraised  shells,  the  land  was 
divided  by  a  Strait  where  the  river  Santa  Cruz  now 

*  I  %Aj  eomparatire  and  not  absolute  rest,  becaase  the  sea  acts, 
M^  we  have  seen,  with  great  denuding  power  on  this  whole  line  of 
co«8t ;  and  therefore,  daring  an  elevation  of  the  land,  if  excessively 
8  0^  (and  of  coarse  daring  a  sabsidenoe  of  the  land),  it  is  quite 
possible  that  lines  of  cliff  might  be  formed. 
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flows,  aod  that  &rdier  soothwsrd  there  were  other  sea- 
straits,  sinoe  dosed.  I  may  add,  that  at  Santa  Cnu, 
in  lat.  50^  S.,  the  plains  have  been  n^fted  at  least 
1,400  feet,  since  the  period  wh^i  gigantic  boulders 
were  transported  b^ween  sixty  and  seventy  miles  &om 
their  parent  rock,  on  floating  icebergs. 

Lastly,  considering  the  great  upward  movements 
which  this  long  line  of  coast  has  ondergcMie,  and  the 
proximity  %X.  its  southern  half  to  the  vulcanic  axis  of 
the  Cordillera,  it  is  highly  remarkaUe  that  in  the  many 
fine  sections  exposed  in  the  Pampean,  Patagonian 
tertiary,  and  Boulder  formations,  I  nowhere  observed 
the  smallest  fiuilt  or  abrupt  curvature  in  the  strata. 

Gravel  Formaivon  of  Paiagonid. 

I  will  here  describe  in  more  detail  than  has  been  as 
yet  incidentally  done,  the  nature,  origin,  and  extent  of 
the  great  shingle  covering  of  Patagonia :  but  I  do  not 
mean  to  affirm  that  all  of  this  shingle,  especially  that 
on  the  higher  plains,  belongs  to  the  recent  period.  A 
thin  bed  of  sandy  earth,  with  small  pebbles  of  various 
porphyries  and  of  quartz,  covering  a  low  plain  on  the 
north  side  of  the  Rio  Colorado,  is  the  extreme  northern 
limit  of  this  formation.  These  little  pebbles  have 
probably  been  derived  from  the  denudation  of  a  more 
regular  bed  of  gravel,  capping  the  old  tertiary  sand* 
stone  plateau  of  the  Rio  Negro.  The  gravel-bed  near 
the  Rio  Negro  is,  on  an  average,  about  ten  or  twelve 
feet  in  thickness ;  and  the  pebbles  are  larger  than  on 
the  northern  side  of  the  Colorado,  being  from  one  to 
two  inches  in  diameter,  and  composed  chiefly  of  rather 
dark-tinted  porphyries.  Amongst  them  I  here  first 
noticed  a  variety  ofben  to  be  referred  to,  namely,  a 
peculiar  gallstone-yellow  siliceous  porphyry,  frequently, 
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but  not  invariably,  containing  grains  of  quartz.  The 
pebbles  are  embedded  in  a  white  gritty  calcareous 
matrix  very  like  mortar,  sometimes  merely  ooating 
with  a  whitewash  the  separate  stones,  and  sometimes 
forming  the  greater  part  of  the  mass.  Tn  one  place  I 
saw  in  the  gravel  concretionary  nodules  (not  rounded) 
of  crystallized  gypsnm,  some  as  large  as  a  man's  head. 
I  traced  this  bed  for  forty-five  miles  inland,  and  was 
assured  that  it  extended  far  into  the  interior.  As  the 
surface  of  the  calcareo-argillaceous  plain  of  Pampean 
formation,  on  the  northern  side  of  the  wide  valley  of 
the  Colorado,  stands  at  aboat  the  same  height  with  the 
mortar-like  cemented  gravel  capping  the  sandstone  on 
the  southern  side,  it  is  probable,  considering  the  appa- 
rent equability  of  the  subterranean  movements  along 
this  side  of  America,  that  this  gravel  of  the  Rio  Negro 
and  the  upper  beds  of  the  Pampean  formation  north- 
ward of  the  Colorado,  are  of  nearly  contemporaneous 
origin,  and  that  the  calcareous  matter  has  been  derived 
from  the  same  source. 

Southward  of  the  Rio  Negro,  the  cliffs  along  the 
great  bay  of  S.  Antonio  are  capped  with  gravel :  at  San 
Josef,  I  found  that  the  pebbles  closely  resembled  those 
on  the  plain  of  the  Rio  Negro,  but  that  they  were  not 
cemented  by  calcareous  matter.  Between  San  Josef 
and  Port  Desire,  I  was  assured  by  the  Officers  of  the 
Survey  that  the  whole  face  of  the  country  is  coated  with 
gravel.  At  Port  Desire  and  over  a  space  of  twenty-five 
miles  inland,  on  the  three  step-formed  plains  and  in  the 
valleys,  I  everywhere  passed  over  gravel  which,  where 
thickest,  was  between  thirty  and  forty  feet.  Here,  as 
in  other  parts  of  Patagonia,  the  gravel,  or  its  sandy 
covering,  was,  as  we  have  seen,  often  strewed  with  re- 
cent marine  shells.  The  sandy  covering  sometimes 
fills  up  furrows  in  the  gravel,  as  does  the  gravel  in  the 
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nnderlying  tertiary  formations.  The  pebbles  are  fre- 
quently whitewashed  and  even  cemented  together  by 
a  peculiar,  white,  friable,  aluminous,  fusible,  substance, 
which  I  believe  is  decomposed  feldspar.  A  t  Port  Desire, 
the  gravel  rested  sometimes  on  the  basal  formation  of 
porphyry,  and  sometimes  on  the  upper  or  the  lower 
denuded  tertiary  strata.  It  is  remarkable  that  most 
of  the  porphyritic  pebbles  differ  from  those  varieties  of 
porphyry  which  occur  here  abundantly  in  situ.  The 
peculiar  gallstone-yellow  variety  was  common,  but  less 
numerous  than  at  Port  S.  Julian,  where  it  formed 
nearly  one-third  of  the  mass  of  gravel ;  the  remaining 
part  there  consisting  of  pale  gray  and  greenish  por- 
phyries with  many  crystals  of  feldspar.  At  Port  S. 
Julian,  I  ascended  one  of  the  flat-topped  hills,  the  de- 
nuded remnant  of  the  highest  plain,  and  found  it,  at 
the  height  of  950  feet,  capped  with  the  usual  bed  of 
gravel. 

Near  the  mouth  of  the  Santa  Cruz,  the  bed  of  gravel 
on  the  355  feet  plain  is  from  twenty  to  about  thirty- 
five  feet  in  thickness.  The  pebbles  vary  from  minute 
ones  to  the  size  of  a  hen's  egg^  and  even  to  that  of  half 
a  man's  head  \  they  consist  of  paler  varieties  of  porphyry 
than  those  found  farther  northward,  and  there  are  fewer 
of  the  gallstone-yellow  kind ;  pebbles  of  compact  black 
clay-slate  were  here  first  observed.  The  gravel,  as  we 
have  seen,  covers  the  step-formed  plains  at  the  mouth, 
head,  and  on  the  sides  of  the  great  valley  of  the  Santa 
Cruz.  At  a  distance  of  110  miles  from  the  coast,  the 
plain  has  risen  to  the  height  of  1,416  feet  above  the 
sea ;  and  the  gravel,  with  the  associated  great  boulder 
formation,  has  attained  a  thickness  of  212  feet.  The 
plain,  apparently  with  its  usual  gravel  covering,  slopes 
up  to  the  foot  of  the  Cordillera  to  the  height  of  between 
8,200  and  3,300  feet.      In   ascending  the  valley,  the 
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gravel  gradually  becomes  entirely  altered  in  character : 
high  tip,  we  have  pebbles  of  crystalline  feldspathic  rocks, 
compact  clay-slate,  qaartzose  schists  and  pale-coloured 
porphyries ;  these  rocks,  judging  both  from  the  gigantic 
boulders  in  the  surface  and  from  some  small  pebbles 
embedded  beneath  700  feet  in  thickness  of  the  old 
tertiary  strata,  are  the  prevailing  kinds  in  this  part  of 
the  Cordillera ;  pebbles  of  basalt  from  the  neighbouring 
streams  of  basaltic  lava  are  also  numerous ;  there  are 
few  or  none  of  the  reddish  or  of  the  gallstone-yellow 
porphyries  so  common  near  the  coast.  Hence  the 
pebbles  on  the  350  feet  plain  at  the  month  of  the  Santa 
Cruz  cannot  have  been  derived  (with  the  exception  of 
those  of  compact  clay-slale,  which,  however,  may  equally 
well  have  come  from  the  south)  from  the  Cordillera  in 
this  latitude ;  but  probably,  in  chief  part,  from  farther 
north. 

Southward  of  the  Santa  Cruz,  the  gravel  may  be 
seen  continuously  capping  the  great  840  feet  plain  :  at 
the  Bio  Grallegos,  where  this  plain  is  succeeded  by  a 
lower  one,  tiiere  is,  as  I  am  informed  by  Captain  Suli* 
van,  an  irregular  covering  of  gravel  from  ten  to  twelve 
feet  in  thickness  over  the  whole  country.  The  district 
on  each  side  of  the  Strait  of  Magellan  is  covered  up 
either  with  gravel  or  the  boulder  formation:  it  was 
interesting  to  observe  the  marked  difference  between 
the  perfectly  rounded  state  of  the  pebbles  in  the  great 
shingle  formation  of  Patagonia,  and  the  more  or  less 
angular  fragments  in  the  boulder  formation.  The 
pebbles  and  fragments  near  the  Strait  of  Magellan 
nearly  all  belong  to  rocks  known  to  occur  in  Fuegia. 
I  was  therefore  much  surprised  in  dredging  south  of 
the  Strut  to  find,  in  lat.  54^  10'  south,  many  pebbles 
of  the  gallstone-yellow  siliceous  porphyry ;  I  procured 
others  from  a  great  depth  off  Staten  Island,  and  others 
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were  brought  me  from  the  western  extremity  <rf  the 
Falkland  Islands.^  The  distribation  of  the  pebbles  of 
this  peculiar  porphynr,  which  I  ventore  to  affirm  is  not 
found  in  situ  either  in  Faegia,  the  Falkland  Islands, 
or  on  the  coast  of  Patagonia,  is  reiy  remarkable,  for 
they  are  found  over  a  space  o(  840  miles  in  a  north  and 
south  line,  and  at  the  Falklands,  300  miles  eastward  of 
the  coast  of  Patagonia.  Their  occorrence  in  Fuegia 
and  the  FaUdanda  may,  however,  perhaps  be  dae  to 
the  same  ice-agency  by  which  the  boulders  hare  been 
there  transported. 

We  have  seen  that  porphyritic  pebbles  of  a  small 
size  are  fint  met  with  on  the  northern  side  of  the  Rio 
Ckdorado,  the  bed  becoming  well  developed  near  the 
Rio  Negro :  tram,  this  latter  point  I  have  every  reason 
to  believe  that  the  gravel  extends  unintermptedly  over 
the  plains  and  valleys  of  Patagonia  for  at  least  630 
nautical  miles  southward  to  the  Rio  Gallegos.  From 
the  slope  of  the  plains,  from  the  nature  of  the  pebbles, 
from  their  extension  at  the  Rio  N^ro  far  into  the 
interior,  and  at  the  Santa  Cruz  close  np  to  the  Cor- 
dillera, I  think  it  highly  probable  that  the  whole  breadth 
of  Patagonia  is  thus  covered.  If  so,  the  average  width 
of  the  bed  must  be  about  200  miles.  Near  the  coast 
the  gravel  is  generally  from  ten  to  thirty  feet  in  thick- 
ness ;  and  as  in  the  valley  of  Santa  Cruz  it  attains,  at 
some  distanoe-from  the  Cordillera,  a  thickness  of  214 
feet,  we  may,  I  think,  safely  assume  its  average  thick- 

*  At  my  request,  Mr.  Kent  collected  for  me  a  bag  of  pebbles  from 
tlie  beach  of  White  Bock  harbour,  in  the  n<ntbem  part  of  the  sonnd, 
between  the  two  Falkland  Islanda.  Oat  of  these  well-roanded 
pebblea,  Tarying  in  size  from  a  walnut  to  a  hen^s  egg,  with  some 
laiger,  thirty-eight  evidently  belonged  to  the  rocks  of  these  islands; 
twenty-dz  were  similar  to  the  pebbles  of  porphyry  found  on  the 
P^tagODian  plains,  which  rocks  do  not  exist  in  situ  in  the  Falklands ; 
one  pebble  belonged  to  the  peculiar  yellow  siliceous  porphyry ;  thirty 
were  of  doubtful  origin. 
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caused  by  distant  gales,  seem  especially  to  aSect  the 
bottom :  at  such  times,  according  to  Sir  B-  Schom- 
burgk,^  the  sea  to  a  great  distance  round  the  West 
Indian  Islands,  at  depths  from  five  to  fifteen  fathoms, 
becomes  discoloured,  and  even  the  anchors  of  vessels 
have  been  moved.  There  are,  however,  some  diflBculties 
in  understanding  how  the  sea  can  transport  pebbles 
lying  at  the  bottom,  for,  from  experiments  instituted 
on  the  power  of  running  water,  it  would  appear  that 
the  currents  of  the  sea  have  not  sufficient  velocity  to 
move  stones  of  even  moderate  size :  moreover,  I  have 
repeatedly  found  in  the  most  exposed  situations  that 
the  pebbles  which  lie  at  the  bottom  are  encrusted  with 
full-grown  living  corallines,  furnished  with  the  most 
delicate,  yet  unbroken  spines:  for  instance,  in  ten 
fiithoms  water  off  the  mouth  of  the  Santa  Cruz,  many 
pebbles,  under  half  an  inch  in  diameter,  were  thus 
coated  with  Flustraoean  zoophytes.'  Hence  we  must 
concludie  that  these  pebbles  are  not  often  violently  dis- 
turbed :  it  should,  however,  be  borne  in  mind  that  the 
growth  of  corallines  is  rapid.  The  view,  propounded 
by  Prof.  Playfair,  will,  I  believe,  explain  this  apparent 
difficulty, — namely,  that  from  the  undulations  of  the 
sea  tending  to  lift  up  and  down  pebbles  or  other  loose 
bodies  at  the  bottom,  such  are  liable,  when  thus  quite 
or  partially  raised,  to  be  moved  even  by  a  very  small 

>  *  Journal  of  Royal  Geograph.  8oc.'  vol.  t.  p.  25.  II  appears  from 
Mr.  Scott  Rasseirs  investigations  (see  Mr.  MiirchisoD*8  *  Anniver. 
Address  Geolog.  Soc.'  1843,  p.  40),  that  in  waves  of  translation  Uie 
motion  of  the  particles  of  water  is  nearly  as  great  at  the  bottom  aa 
at  the  top. 

'  A  pebble,  one  and  a  half  inch  sqnare  and  half  an  inch  tluidc,  was 
given  me,  dredged  ap  from  twenty-seven  fathoms  depth  off  the  west- 
em  en^^.  of  the  Falkland  Tslandft,  where  the  sea  is  remarkably  stormy, 
and  subject  to  violent  tides.  This  pebble  was  enomsted  on  aU  sides 
by  a  delicate  li  vin^r  coralline.  I  have  seen  many  pebbles  from  depths 
between  forty  and  seventy  fathoms  thus  encrusted ;  one  from  thtt 
latt^  depth  off  Cape  Horn. 
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farce,  a  little  cmwards.  We  can  iAsuB  nnderstaDd  liow 
cxseanic  or  tidal  carrents  of  no  great  strengtih,  or  that 
recoil  movement  of  the  bottom-water  near  the  land, 
called  bj  sailore  the  ^  undertow '  (which  I  presume  most 
extend  out  seaward  as  fsa  as  the  breaking  wares  impei 
the  BorGaoe-water  towards  the  beach),  may  gain  the 
power  during  storms  of  sifting  and  distributing  pebble 
even  of  considerable  size,  and  jet  without  bo  riolentiy 
disturbing  them  as  to  injure  the  encmsting  oaraUines.* 
The  sea  acts  in  another  and  distinct  manner  in 
the  distribotion  of  pebbles,  namely  by  l^e  waves  on  the 
beach.  Mr.  Palmer,'  in  his  excellent  memoir  on  this 
subject,  has  shown  that  vast  masses  of  shingle  travel 
with  surprising  quickness  along  lines  of  coast,  according 
to  the  direction  with  which  the  waves  break  on  the 
beach,  and  that  this  is  determined  by  the  prevailing 
direction  of  the  winds.  This  agency  must  be  powerful 
in  mingliiig  together  and  disseminating  pebbles  derived 
irom  different  sources :  we  may,  perhaps,  thns  under- 
stand the  wide  distribution  of  the  gaUstone-yellow 
porphyry ;  and  likewise,  perhaps,  the  great  difference  in 
the  nature  of  the  pebbles  at  the  mouth  of  ihe  Santa 

'  I  may  take  this  opportamty  of  remarking  on  a  Bingolar  bat 
▼ery  common  chazacter  in  the  form  of  the  bottom,  in  tiie  creeks 
which  deeply  penetrate  the  western  jdiores  of  Tierradel  Fnego ;  namely, 
that  they  are  almost  invariably  mnch  shallower  close  to  the  open  sea 
at  their  months  than  inland.  Thns,  Cook,  in  entering  Christmas 
Sound,  first  bad  soundings  in  thirty-seven  fafiiomB,  then  in  fifty,  then 
in  sixty,  and  a  little  farther  in  no  bottom,  with  170  fathoms.  The 
sealers  are  so  familiar  with  this  fact,  that  they  alwayR  look  ont  for 
ancbonge  near  the  entrances  of  the  creeks.  See,  also,  on  this  subject, 
the  *  Voyage  of  the  Adventure  and  Beagle,*  vol.  i.  p.  375,  and '  Appen- 
dix,' p.  313.  This  shoallness  of  the  sea-channels  near  their  entrances 
profai^ily  resuhs  from  the  quantity  of  sediment  formed  by  the  wear 
and  tear  of  the  outer  rocks  exposed  to  the  full  force  of  the  open  sea. 
I  have  no  doubt  that  many  lake^,  for  instance  in  Scotland,  which  are 
▼ery  deep  within,  and  axe  separated  from  the  sea  apparently  only  by 
a  tract  of  detritus,  were  originally  sea-channels  with  banks  of  this 
nature  near  their  moutlis,  which  have  since  been  upheaved. 

-  *  Philosophical  Transactions,'  1634,  p.  57<i. 
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Cruz  from  those  in  the  same  latitude  at  the  head  of  the 
valley. 

I  will  not  pretend  to  assign  to  these  several  and 
complicated  agencies  their  shares  in  the  distribution  of 
the  Patagonian  shingle ;  but  from  the  several  considera- 
tions given  in  this  chapter,  and  I  may  add,  from  the 
frequency  of  a  capping  of  gravel  on  tertiary  deposits  in 
all  parts  of  the  world,  as  I  have  myself  observed  and 
seen  stated  in  the  works  of  various  authors,  I  cannot  doubt 
that  the  power  of  widely  dispersing  gravel  is  an  ordinary 
contingent  on  the  action  of  the  sea ;  and  that  even  in 
the  case  of  the  great  Patagonian  shingle-bed  we  have 
no  occasion  to  call  in  the  aid  of  debacles.  I  at  one 
time  imagined  that  perhaps  an  immense  accumulation 
of  shingle  had  originally  been  collected  at  the  foot  of 
the  Cordillera;  and  that  this  accumulation,  when  up- 
raised above  the  level  of  the  sea,  had  been  eaten  into 
and  partially  spread  out  (as  off  the  present  line  of  coast)  ; 
and  that  the  newly-spread  out  bed  had  in  its  turn  been 
upraised,  eaten  into,  and  re-spread  out ;  and  so  onwards, 
until  the  shingle,  which  was  first  accumulated  in  great 
thickness  at  the  foot  of  the  Cordillera,  had  reached  in 
thinner  beds  its  present  extension.  By  whatever  means 
the  gravel  formation  of  Patagonia  may  have  been  dis- 
tributed, the  vastness  of  its  area,  its  thickness,  its 
superficial  position,  its  recent  origin,  and  the  great 
degree  of  similarity  in  the  nature  of  its  pebbles,  all 
appear  to  me  well  deserving  the  attention  of  geologists, 
iu  relation  to  the  origin  of  the  widely-spread  beds  of 
conglomerate  belonging  to  past  epochs. 

Formaium  of  Cliffs, — When  viewing  the  sea-worn 
cliffs  of  Patagonia,  in  some  parts  between  800  and  900 
feet  in  height,  and  formed  of  horizontal  tertiary  strat^i, 
which  must  once  have  extended  far  seaward — or  again, 
when  viewing   the   lofty  clif!s   round    many  volcanic 
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islands,  in  which  the  gentle  inclination  of  the  lava- 
streams  indicates  the  former  extension  of  the  land,  a 
diflSculty  ofben  oocarred  to  me,  namely,  how  the  strata 
oould  possibly  have  been  removed  by  the  action  of  the 
sea  at  a  considerable  depth  beneath  its  snr&oe.  The 
following  section,  which  represents  the  general  form  of 
the  land  on  the  northern  and  leeward  side  of  St.  Helena 
(taken  from  Mr.  Seal's  large  model  and  various  measare- 
ments),  and  of  the  bottom  of  the  adjoining  sea  (taken 
chiefiy  from  Captain  Austin's  survey  and  some  old 
charts),  will  show  the  nature  of  this  difficulty : — 

N0.2L 

Section  of  Coast  Cliff  ■  and  Bottom  of  Sea,  off  the  Island  of  St.  Helena. 


tmofeet 
above 


510  feet 
aboTei 


SOfath. 


lOOf^    SSOfti. 


Bottom  rocky 
only  to  a  depth  of 
fire  or  six  fathoms. 


Mad  and  sand. 


Vertical  and  horizontal  scale,  two  inches  to  a  nantical  mfle.  The  point  marked 
1,600  feet  is  at  the  foot  of  High  KuoU  ;  point  marked  510  feet  is  on  the  edge  of 
ladder  HilL    The  strata  oonsLst  of  basaltic  streams. 


If,  as  seems  probable,  the  basaltic  streams  were 
originally  prolonged  with  nearly  their  present  inclina- 
tion, they  most,  as  shown  by  the  dotted  line  in  the 
section,  once  have  extended  at  least  to  a  point,  now 
covered  by  the  sea  to  a  depth  of  nearly  thirty  fathoms : 
but  I  have  every  reason  to  believe  they  extended  con- 
siderably &rther,  for  the  inclination  of  the  streams  is 
less  near  the  coast  than  farther  inland.  It  should  also 
be  observed,  that  other  sections  on  the  coast  of  this 
island  would  have  given  far  more  striking  results,  but 
I  had  not  the  exact  measurements ;  thus,  on  the  wind- 
ward side,  the  cliffs  are  about  2,000  feet  in  height  and 
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the  cut-off  lava  streams  very  gently  inclined,  and  the 
bottom  of  the  sea  has  nearly  a  similar  slope  all  round 
the  island.  How,  then,  has  all  the  hard  basaltic  rock, 
which  once  extended  beneath  the  surface  of  the  sea, 
been  worn  away  ?  According  to  Captain  Austin,  the 
bottom  is  uneven  and  rocky  only  to  that  very  small 
distance  from  the  beach  within  which  the  depth  is  from 
live  to  six  fathoms;  outside  this  line,  to  a  depth  of 
about  100  fathoms,  the  bottom  is  smooth,  gently  in- 
clined, and  formed  of  mud  and  sand;  outside  the  100 
fathoms,  it  plunges  suddenly  into  unfathomable  depths, 
as  is  so  very  commonly  the  case  on  all  coasts  where 
sediment  is  accumulating.  At  greater  depths  than  the 
five  or  six  fathoms,  it  seems  impossible,  under  existing 
circumstances,  that  the  sea  can  both  have  worn  away 
hard  rock,  in  parts  to  a  thickness  of  at  least  1 50  feet, 
and  have  deposited  a  smooth  bed  of  fine  sediment. 
Now,  if  we  had  any  reason  to  suppose  that  St.  Helena 
had,  during  a  long  period,  gone  on  slowly  subsiding, 
every  difficulty  would  be  removed :  for  looking  at  the 
diagram,  and  imagining  a  fresh  amount  of  subsidence, 
we  can  see  that  the  waves  would  then  act  on  the  coast- 
cliffs  with  fresh  and  unimpaired  vigour,  whilst  the 
rocky  ledge  near  the  beach  would  be  carried  down  to 
that  depth,  at  which  sand  and  mud  would  be  deposited 
on  its  bare  and  uneven  surface:  after  the  formation 
near  the  shore  of  a  new  rocky  shoal,  fresh  subsidence 
would  carry  it  down  and  allow  it  to  be  smoothly 
covered  up.  But  in  the  case  of  the  many  cliff-bounded 
islands,  for  instance  in  some  of  the  Canary  Islands  and 
of  Madeira,  round  which  the  inclination  of  the  strata 
shows  that  the  land  once  extended  far  into  the  depths 
of  the  sea,  where  there  is  no  apparent  means  of  hard 
rock  being  worn  away — are  we  to  suppose  that  all  these 
islands  have  slowly  subsided  ?    Madeira,  I  may  remark, 
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Mild  decivec  iron,  fc  icireicx  Btnzrce.  ffevetK  V*  dtJCMR-  '^kstei 
ttie  ses  is^  novr  »  dt-posnmr  sue  stn  «  tnrrodisp  ^^oTi  r 
1  SID  mnc^  indiuec  ic  finspBCL.  tiiat  w^  siiaL  iwreaefi'^^ 
&id  in  aL  snct  rwirr  liisi  the  jaaxA  wioAi  Tint  ^nwas^r 
bed  of  tiie  SBb  la^  in  trmii  mxtisio^ :  1^  tame  will  I 
believe-  come,  wiien  cpEfOiQgists  ^il  consioer  it  9B  im- 
pTDfittble.  liHtt  tiie  hsoi  annua  Lave  reuunec  tbe  snime 
level  diirny  s  vcliok'  ^^eol'fxri'jal  period-  sc  tbst  tiie 
■itwiwjiliuii    ^ouid    bave    Kanaiued    aiiBUiiixeiT   cabn 
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CHAPTER  IX. 

ON   THE  ELEVATION   OF  THE  WESTERN   COAST   OF  SOUTH 

AMERICA. 

Chofiag  Archipelago — Chiloe,  recent  and  gradual  elevation  of,  tradi- 
tions  of  the  inhaJnta/nU  on  tkimubfert — Conoepeion,  earthquake  and 
eleratioa  cf. — Yalpabaiso,  great  elevation  of  upraised  shelU,  earth 
of  marine  originy  gradual  rise  of  the  land  within  the  historical 
period, — Coquimbo,  elevation  of,  in  recent  times,  terraces  ef  marine 
origin,  their  iHcUnatitm,  their  escarpnumts  not  horizontal — Guasco, 
gravel  terraces  of^Copiapo, — Pebu — Upraised  sftells  iff  Cobija, 
Jqtiique,  and  Arica^Lima,  shell-bed*  and  sea-beach  on  San  Lorenz**, 
Human  remains,  fossil  earthenware,  earthquahe  debacle,  rr cent  sub- 
sidenee-^On  the  dteay  of  upraised  shells — General  summary. 

CoMMENCTNG  at  the  BOiith  and  proceeding  northward, 
the  first  place  at  which  I  landed,  was  at  Gape  Tres 
Montes,  in  lat.  46°  35'.  Here,  on  the  shores  of  Christ- 
mas Cove,  I  observed  in  several  places  a  beach  of 
pebbles  with  i%cent  shells,  abont  twenty  feet  above 
high-water  mark.  Southward  of  Tres  Montes  (between 
lat.  47°  and  48°),  Byron  ^  remarks,  '  we  thonght  it  very 
strange,  that  npon  the  summits  of  the  highest  hills 
were  found  beds  of  shells,  a  foot  or  two  thick.'  In  the 
Chonos  Archipelago,  the  island  of  Lemus  (lat.  44°  30') 
was,  according  to  M.  Coste,*  suddenly  elevated  eight 
feet,  during  the  earthquake  of  1839 :  he  adds,  '  des 
roches  jadis  toujours  couvertes  par  la  mer,  restant 
aujourd'hui  constamment  decouvertes.*     In  other  parts 

*  •  Narrative  of  the  Low  of  the  Wager.' 

*  •  Couiptes  Uendus/  October  1838,  p.  706. 
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Caz^ofi  is  is  e>:i3I  fWLTLs  l»:»:;i*drid  ty  precipiL^as  cli5s 
frccn  abccrt  tirfi  to  fv^rnr  feit  ia  iiri^iT,  xheir  bases 
being"  separfc;t«ed  ^»3i  ti>e  pre&e::T  liiie  cf  tidai  ac:k>a 
br  a  talus,  a  it-w  ir^e^  in  brriirbi,  r?Teivd  wiTii  Te^jvoalioa. 
In  oDe  shrhered  nvek  fwr^t  erf"  P.  Areniii  iasTtad  of  a 
loose  taiTiE.  th^re  "iraB  a  bare  Biopin^  bank  of  t-eniajT 
mudstoQe,  paforatei  abore  ihe  line  of  ibe  higiit^st 
tidt*s.  br  DumeroDB  sLells  of  a  Pholas  n<»w  commoD  ia 
the  harbour.  The  upper  ertremitit*  of  these  BheiU, 
standing  npright  in  tLt^ir  hciiee  with  graBS  growing  out 
of  thein,  were  abraded  about  a  quarter  of  an  inch,  to 
the  same  lerel  with  the  Buirounding  wv»m  strata.  In 
other  partB^  I  obserred  (as  at  Pudeto)  a  great  beach, 
formed  of  oomminut^  shells,  twentv  feet  above  the 
present  shore.  In  other  parts,  again,  there  were  small 
caves  worn  into  the  foot  of  the  low  cliffs,  and  protected 
from  the  waves  by  the  talus  with  its  vegetation :  one 
sndi  cave  which  I  examined,  had  its  mouth  about 
twentv  feet,  and  its  bottom,  which  was  filled  with  sand 
containing  fragments  of  shells  and  legs  of  cralis,  from 
eight  to  ten  feet  above  high-water  mark.  From  these 
several  facts,  and  from  the  appearance  of  the  upraised 
shells,  I  inferred  that  the  elevation  had  been  quite 
recent ;  and  on  inquiring  from  Mr.  Williams,  the  Port- 
master,  he  told  me  he  was  convinced  that  the  land  had 
risen,  or  the  sea  fallen,  four  feet  within  the  last  four 
jeao.      Daring  this  period,  there  hud  been  one  severe 
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earthquake,  but  no  particular  change  of  level  was  then 
observed ;  from  the  habits  of  the  people  who  all  keep 
boats  in  the  protected  creeks,  it  is  absolutely  impossible 
that  a  rise  of  four  feet  could  have  taken  place  suddenly 
and  been  nnperceived.  Mr.  Williams  believes  that  the 
change  has  been  quite  gradual.  Without  the  elevatory 
movement  continues  at  a  quick  rate,  there  can  be  no 
doubt  that  the  sea  will  soon  destroy  the  talus  of  earth 
at  the  foot  of  the  cliffs  round  the  bay,  and  will  then 
reach  its  former  lateral  extension,  but  not  of  course  its 
former  level :  some  of  the  inhabitants  assured  me,  that 
one  such  talus,  with  a  footpath  on  it,  was  even  already 
sensibly  decreasing  in  width. 

I  received  several  accounts  of  beds  of  shells,  existing 
at  considerable  heights  in  the  inland  parts  of  Chiloe ; 
and  to  one  of  these,  near  Catiman,  I  was  guided  by  a 
countryman.  Here,  on  the  south  side  of  the  peninsula 
of  Lacuy,  there  was  an  immense  bed  of  the  Y&n.us^ 
costellaia  and  of  an  oyster,  lyiug  on  the  summit-edge 
of  a  piece  of  table  land,  350  feet  (by  the  barometer) 
above  the  level  of  ihe  sea.  The  shells  were  closely 
packed  together,  embedded  in  and  covered  by,  a  very 
black,  damp  peaty  mould,  two  or  three  feet  in  thick- 
ness, out  of  which  a  forest  of  great  trees  was  growing. 
Considering  the  nature  and  dampness  of  this  peaty  soil, 
it  is  surprising,  that  the  fine  ridges  on  the  outside  of 
the  Venvs  are  perfectly  preserved,  though  all  the 
shells  have  a  blackened  appearance.  I  did  not  doubt 
that  the  black  soil,  which,  when  dry,  cakes  hard,  waa 
entirely  of  terrestrial  origin,  but  on  examining  it  nnder 
the  microscope,  I  found  many  very  minute  rounded 
fragments  of  shells,  amongst  which  I  could  distinguish 
bits  of  serpulsB  and  mussels.  The  Venus  eosteUaJta^ 
and  the  ostrea  (0.  eduUs^  according  to  Captain  King) 
are  now  the  commonest  shells  in  the  adjoining  bays. 
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In  a  bed  of  ehells,  a  few  feet  below  the  350  fiset  bed,  I 
found  a  bom  c^  the  little  CercuB  hunUUs^  wbidi  now 
inhabits  Chiloe. 

The  eastern  or  inland  side  c{  Chiloe,  with  its  manv 
adjacent  islets,  oonsistB  of  tertiaiy  and  boulder  deposits, 
worn  into  irr^gnkr  plains  capped  by  graveL  Near 
Castro,  and  for  ten  miles  southward,  and  on  the  islet  of 
Lemoy,  I  fonnd  the  snr&oe  c^  the  ground  to  a  hdi^t 
of  between  twenty  and  thirty  feet  abore  high-water 
mark,  and  in  several  places  apparently  np  to  fifty  feet, 
thickly  coated  by  much  comminoted  shells,  chiefly  of 
the  Venus  cosiellata  and  MytUus  Chiloentis;  the 
species  now  most  abundant  on  this  line  of  coasL  As 
the  inhabitants  carry  immense  numbers  of  these  sheik 
inland,  the  continuity  of  the  bed  at  the  same  height 
was  often  the  only  means  of  recognising  ite  natcral 
origin.  Near  Castro,  on  each  side  of  the  creek  and 
rivulet  of  the  Gamboa,  three  distinct  terraces  are  seen : 
the  lowest  was  estimated  at  about  150  feet  in  height, 
and  the  highest  at  about  500  feet,  with  the  country 
irregularly  rising  behind  it;  obscure  traces,  also,  of 
these  same  terraces  could  be  seen  along  other  parts  of 
the  coast.  There  can  be  no  doubt  that  their  three 
escarpments  record  pauses  in  the  elevation  of  the 
island.  I  may  remark  that  seveial  promontories  have 
the  word  Hnapi,  which  signifies  in  the  Indian  tongue, 
island,  appended  to  them,  such  as  Huapilinao,  Huapi- 
lacuy,  Caucahnapi,  etc. ;  and  these,  according  to  Indian 
traditions,  once  existed  as  islands.  In  the  same  manner 
the  term  Pulo  in  Sumatra  is  appended  ^  to  the  names 
of  promontories,  traditionally  said  to  have  been  islands ; 
in  Sumatra,  as  in  Chiloe,  there  are  upraised  recent 
sheila.    The  Bay  of  Carelmapu,  on  the  mainland  north 

>  Marsden'f  '  Bamatia,'  p.  81. 
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of  Chiloej  accordiDg  to  Agtierros,^  was  in  1643  a  good 
harbour ;  it  is  now  qaite  useless,  except  for  boats. 

Vaklivia. — I  did  not  observe  here  any  distinct  proofs 
of  recent  elevation ;  but  in  a  bed  of  very  soft  sandstone, 
forming  a  fringe-like  plain,  about  sixty  feet  in  height, 
round  the  hills  of  mica-slate,  there  are  shells  of  Mytilus, 
Crepidula,  Solen,  Novaculina,  and  Cytherasa,  too  im- 
perfect to  be  specifically  recognised.  At  Imperial, 
seventy  miles  north  of  Yaldivia,  AgUerros '  states  that 
there  are  large  beds  of  shells,  at  a  considerable  distance 
from  the  coast,  which  are  burnt  for  lime.  The  island 
of  Mocha,  lying  a  little  north  of  Imperial,  was  uplifted 
two  feet,^  during  the  earthquake  of  1835. 

Concepcion. — I  cannot  add  anything  to  the  excellent 
account  by  Captain  FitzRoy  *  of  the  elevation  of  the 
land  at  this  place,  which  accompanied  the  earthquake 
of  1835.  I  will  only  recall  to  the  recollection  of 
geologists,  that  the  southern  end  of  the  island  of  St. 
Mary  was  uplifted  eight  feet,  the  central  part  nine,  and 
the  northern  end  ten  feet ;  and  the  whole  island  more 
than  the  surrounding  districts.  Great  beds  of  mussels, 
patellse,  and  chitons  still  adhering  to  the  rocks  were 
upraised  above  high-water  mark  ;  and  some  acres  of  a 
rocky  flat,  which  was  formerly  always  covered  by  the 
sea,  was  left  standing  dry,  and  exhaled  an  ofiensive 
smell,  from  the  many  attached  and  putrefying  shells. 

*  *  Descripcion  Hist,  de  la  Provincia  de  Chilo^/  p.  78.  From  the 
nccount  given  by  the  old  Spanish  writers,  it  would  appear  that  several 
other  harbours,  between  this  point  and  Concepcion,  were  formerly 
much  deeper  than  they  now  are. 

*  *  Descripc.  Hist.'  p.  25. 

*  *  Voyages  of  Adventure  and  Beagle,*  vol.  ii.  p.  415. 

*  Ibid.  vol.  ii.  p.  412  et  »eq.  In  vol.  v.  (p.  601)  of  the  'Geolo* 
gicdl  Transactions/  I  have  given  an  account  of  the  remarkable  vol- 
canic phenomena,  which  accompanied  this  earthquake.  These 
phenomena  appear  to  me  to  prove  that  the  action,  by  which  large 
tracts  of  land  are  uplifted,  and  by  which  volcanic  eruptions  are 
produced,  ia  in  every  respect  identical. 
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It  appears  from  the  researches  of  Capt.  l-'ii/.Roy  tlmt 
boHi  the  island  of  St.  ilary  and  Concepcion  (which  was 
iiplirted  only  four  or  five  feet)  in  the  course  of  some 
weeks  subsided,  and  lost  part  of  their  first  elevation. 
I  will  only  add  as  a  lesson  of  caution,  that  round  the 
sandy  shores  of  the  great  Bay  of  Concepcion,  it  was 
most  difficult,  owing  to  the  obliterating  effects  of  the 
great  accompanying  wave,  to  recognise  any  distinct 
evidence  of  this  considerable  upheaval;  one  spot  must 
be  excepted,  where  there  was  a  detached  rock  which 
before  the  cartlupiake  had  always  been  covered  by  the 
sea,  but  afterwards  wns  left  uncovered. 

On  the  island  of  Quinquina  (in  the  Bay  of  Conce|>- 
cion),  I  found,  at  an  estimated  heij^ht  of  100  feet, 
extensive  layers  of  shells,  mostly  comminuted,  but  some 
perfectly  preserved  and  closely  packed  in  black  vege- 
table mould  ;  they  coiisisfcd  of  Concholopas,  Fissurella, 
ilvtiliis,  Tnichus,  and  Bulanus.  Some  of  these  layers 
of  shells  rested  on  a  thick  bed  of  bright-red,  dry,  friable 
earth,  capping  the  surface  of  the  tertiary  sandstone, 
and  extending,  as  I  obwrved  whilst  sailing  along  the 
coast,  for  loO  miles  southward:  at  Valparaiso,  we  shall 
presently  see  that  a  similar  red  earthy  mass,  though 
quite  like  terrestrial  mould,  is  really  in  chief  part  of 
recent  marine  origin.  On  the  Sanks  of  this  island  of 
Quiriquinn,  at  a  less  height  than  the  400  feet,  there 
were  spaces  several  feet  square,  thickly  strewed  with 
fragments  of  similar  sheila.  During  a  subsequent  visit 
of  the  Beii^le  to  Concepcion,  Mr.  Kent,  the  assistant- 
surgeon,  was  so  kind  as  to  make  for  me  some  measure- 
ments with  the  Iwirometer:  he  found  many  marina 
remains  along  the  shores  of  the  whole  bay,  at  a  height 
of  about  twenty  feet;  and  from  the  hill  of  Sentinella 
behind  Talcahuaiio,  at  the  height  of  160  (eet,  he  col- 
lected numerous  shell-;,  packed  together  close  beneath 
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the  snrface  in  black  earth,  consisting  of  two  species 
of  Mytilus,  two  of  Crepidula,  one  of  Concholepas,  of 
Fissurella,  Venus,  Mactra,  Turbo,  Monoceros,  and  the 
BcUanvs  pelitacus.  These  shells  were  bleached,  and 
within  some  of  the  Balani  other  Balani  were  growing, 
showing  that  they  must  have  long  lain  dead  in  the  sea. 
The  above  species  I  compared  with  living  ones  fipom 
the  bay,  and  found  them  identical ;  but  having  since 
lost  the  specimens,  I  cannot  give  their  names :  this  is 
of  little  importance,  as  Mr.  Broderip  has  examined  a 
similar  collection,  made  during  Capt.  Beechey's  expedi- 
tion, and  ascertained  that  they  consisted  of  ten  recent 
species,  associated  with  fragments  of  Echini,  crabs,  and 
FlustraB;  some  of  these  remains  were  estimated  by 
Lieut.  Belcher  to  lie  at  the  height  of  nearly  a  1 ,000  feet 
above  the  level  of  the  sea.^  In  some  places  round  the 
bay,  Mr.  Kent  observed  that  there  were  beds  formed 
exclusively  of  the  Mytilus  ChUoensis :  this  species  now 
lives  in  parts  never  uncovered  by  the  tides.  At  con- 
siderable heights,  Mr.  Kent  found  only  a  few  shells; 
but  from  the  summit  of  one  hill,  625  feet  high,  he 
brought  me  specimens  of  the  Concholepas,  Mytilus 
ChiloensiSy  and  a  Turbo.  These  shells  were  softer  and 
more  brittle  than  those  from  the  height  of  164  feet; 
and  these  latter  had  obviously  a  much  more  ancient 
appearance  than  the  same  species  from  the  height  of 
only  twenty  feet. 

Coast  north  of  CoTicep'^Aon. — The  first  point  exa- 
mined was  at  the  mouth  of  the  Rape!  (160  miles  N.o  f 
Concepcion  and  sixty  miles  S.  of  Valparaiso),  where  I 
observed  a  few  shells  at  the  height  of  100  feet,  and 
some  barnacles  adhering  to  the  rocks  three  or  four  feet 
above  the  highest  tides:    M.  Gay'  found  here  receni 

*  '  Zoology  of  Capt.  Beechey*8  Yoyaf^e,*  p.  1G8. 
'  •  Annales  des  Scienc.  Nat.'  Aviil  lb3d. 
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shells  at  the  distance  of  two  leagues  from  the  shore. 
Inland  there  are  some  wide,  graTel-capped  plains,  inter- 
sected  by  many  broad,  flat- bottomed  vaUeys  (now  carry- 
ing insignificant  streamlets)  with  their  sides  cat  into 
successive  wall-like  escarpments,  nsing  one  above 
another,  and  in  n^any  places,  according  to  M.  Gay^ 
worn  into  caves.  The  one  cave  (C.  del  Obispo)  which 
I  examined,  resembled  those  farmed  on  many  sea-coasts, 
with  its  bottom  filled  with  shingle.  These  inland 
plains,  instead  of  sloping  towards  the  coast,  are  inclined 
in  an  opposite  direction  towards  the  Cordillera,  like  the 
successively  rising  terraces  cm  the  inland  or  eastern  side 
of  Chiloe :  some  points  of  granite,  which  project  through 
the  plains  near  the  coast,  no  doubt  once  formed  a  chain 
of  outlying  islands,  on  the  inland  shores  of  which 
the  plains  were  aocnmnlated.  At  Bucalemu,  a  few 
miles  northward  of  the  Bapel,  I  observed  at  the  foot 
and  on  the  summit-edge  of  a  plain,  ten  miles  fir^n  the 
coast,  many  recent  shells,  mostly  comminuted,  but 
some  perfect.  There  were,  also,  many  at  the  bottom  of 
the  great  valley  of  the  Maypu*  At  San  Antonio,  shells 
are  said  to  be  Collected  and  burnt  for  lime.  At  the 
bottom  of  a  great  ravine  (Quehrada  (Xida,  on  the  road 
to  Gasa  Blanca),  at  the  distance  of  several  miles  from 
the  coast,  I  noticed  a  considerable  bed,  composed  ex- 
clusively of  Ifesodenna  dofnadform^,  Desh.,  lying  on  a 
bed  of  muddy  sand:  this  shell  now  lives  associated 
together  in  great  numbers,  on  tidal  flats  on  the  coast  of 
Chile. 

Valparaiso. 

During  two  successive  years  I  carefully  examined, 
part  of  the  time  in  company  with  Mr.  Alison,  into  all 
the  facts  connected  with  the  recent  elevation  of  this 
neighbourhood.     In  very  many  parts  a  beach  of  broken 
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shells,  about  fourteen  or  fifteen  feet  above  high-water 
mark,  may  be  observed;  and  at  this  level  the  coast- 
rocks,  where  precipitous,  are  corroded  in  a  band.  At 
one  spot,  Mr.  Alison,  by  removing  some  birds'  dung, 
found  at  this  same  level  barnacles  adhering  to  the  rocks. 
For  several  miles  southward  of  the  bay,  almost  every 
flat  little  headland,  between  the  heights  of  60  and  230 
feet  (measured  by  the  barometer),  is  smoothly  coated 
by  a  thick  mass  of  comminuted  shells,  of  the  same 
species,  and  apparently  in  the  same  proportional  num- 
bers with  those  existing  in  the  adjoining  sea.  The 
Concholepas  is  much  the  most  abundant,  and  the  best 
preserved  shell;  but  I  extracted  perfectly  preserved 
specimens  of  the  Fissurella  hiradicda^  a  Trochus  and 
Balanus  (both  well  known,  but  according  to  Mr.  Sowerby 
yet  unnamed)  and  parts  of  the  MytUus  ChUoen^is, 
Most  of  these  shells,  as  well  as  an  encrusting  Nnllipora, 
partially  retain  their  colour ;  but  they  are  brittle,  and 
often  stained  red  from  the  underlying  brecciated  mass 
of  primary  rocks;  some  are  packed  together,  either  in 
black  or  reddish  mould;  some  lie  loose  on  the  bare 
rocky  surfaces.  The  total  number  of  these  shells  is 
immense ;  they  are  less  numerous,  though  still  far  from 
rare,  up  a  height  of  1,000  feet  above  the  sea.  On  the 
summit  of  a  hill,  measured  557  feet,  there  was  a  small 
horizontal  band  of  comminuted  shells,  of  which  many 
consisted  (and  likewise  from  lesser  heights)  of  very 
young  and  small  specimens  of  the  still  living  Con- 
cholepas, Trochus,  Patellse,  Crepidulse,  and  of  Myiilua 
MvujeUanicus  (?):*  several  of  these  shells  were  under 
a  quarter  of  an  inch  in  their  greatest  diameter.     My 


*  Mr.  Cuming  informs  me  that  he  does  not  think  this  species 
iflcntical  with,  though  closely  resembling,  the  true  M.  MAgeUanitnt 
of  the  southern  and  eastern  coast  nf  South  America ;  it  lives  abun- 
dantly on  the  const  nf  Chi'e. 
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attention  was  called  to  this  circumstance  by  a  native 
fisherman,  whom  I  took  to  look  at  these  shell-beds; 
and  he  ridiculed  the  notion  of  such  small  shells  having 
been  brought  up  for  food ;  nor  could  some  of  the  species 
have  adhered  when  alive  to  other  larger  shells.  On 
•  another  hill,  some  miles  distant,  and  648  feet  high,  I 
found  shells  of  the  Concholepas  and  Trochus,  perfect, 
though  very  old,  with  fragments  of  MytUus  ChUoemis^ 
all  embedded  in  reddish-brown  mould:  I  also  found 
these  same  spe^cies,  with  fragments  of  an  Echinus  and 
of  Balanus  psittacuSy  on  a  hill  1 ,000  feet  high.  Above 
this  height,  shells  became  very  rare,  though  on  a  hill 
1,300  feet  high,*  I  collected  the  Concholepas,  Trochus, 
Fissurella,  and  a  Patella.  At  these  greater  heights  the 
shells  are  almost  invariably  embedded  in  mould,  and 
sometimes  are  exposed  only  by  tearing  up  bushes. 
These  shells  obviously  had  a  very  much  more  ancient 
appearance  than  those  from  the  lesser  heights;  the 
apices  of  the  Trochi  were  often  worn  down ;  the  little 
holes  made  by  burrowing  animals  were  greatly  en- 
larged ;  and  the  Concholepas  was  oftien  perforated  quite 
through,  owing  to  the  inner  plates  of  shell  having 
scaled  off. 

Many  of  these  shells,  as  I  have  said,  were  packed  in, 
and  were  quite  filled  with,  blackish  or  reddish-brown 
earth,  resting  on  the  granitic  detritus.  I  did  not  doubt 
until  lately  that  this  mould  was  of  purely  terrestrial 
origin,  when  with  a  microscope  examining  some  of  it 
from  the  inside  of  a  Concholepas  from  the  height  of 
about  100  feet,  I  found  that  it  was  in  considerable  part 
composed  of  minute  fragments  of  the  spines,  mouth- 
bones  and  shells  of  Echini,  and  of  minute  fragments, 

"  Measured  by  the  barometer:  the  highest  point  in  the  rancre 
behind  ValpraLso  I  found  tu  be  lfi2'3  feet  above  the  level  of  the 
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of  chiefly  very  young  Patellae,  Mytili,  and  other  species. 
I  foand  similar  microscopical  fragments  in  earth  filling 
up  the  central  orifices  of  some  large  FissnrellsB.  This 
earth  when  crushed  emits  a  sickly  smell,  precisely  like 
that  from  garden-mould  mixed  with  guano.  The  earth 
accidentally  preserved  within  the  shells,  from  the  greater 
heights,  has  the  same  general  appearance,  but  it  is  a 
little  redder;  it  emits  the  same  smell  when  rubbed,  but 
I  was  unable  to  detect  with  certainty  any  marine  remains 
in  it.  This  earth  resembles  in  general  appearance,  as 
before  remarked,  that  capping  the  rocks  of  Quinquina 
in  the  Bay  of  Concepcion,  on  which  beds  of  sea-shells 
lay.  I  have,  also,  shown  that  the  black,  peaty  soil,  in 
which  the  shells  at  the  height  of  350  feet  at  Chiloe 
were  packed,  contained  many  minute  fragments  of 
marine  animals.  These  facts  appear  to  me  interesting, 
as  they  show  that  soils,  which  would  naturally  be  con- 
sidered of  purely  terrestrial  nature,  may  owe  their  origin 
in  chief  part  to  the  sea. 

Being  well  aware  from  what  I  have  seen  at  Chiloe 
and  in  Tierra  del  Fuego,  that  vast  quantities  of  shells 
are  carried,  during  successive  ages,  far  inland,  where  the 
inhabitants  chiefly  subsist  on  these  producticxis,  I  am 
bound  to  state  that  at  greater  heights  than  557  feet, 
where  the  number  of  very  young  and  small  shells  proved 
that  they  had  not  been  carried  up  for  food,  the  only 
evidence  of  the  shells  having  been  naturally  left  by  the 
sea,  consists  in  their  invariable  and  uniform  appearance 
of  extreme  antiquity — in  the  distance  of  some  of  the 
places  from  the  coast,  in  others  being  inaccessible  from 
the  nearest  part  of  the  beach,  and  in  the  absence  of 
fresh  water  for  men  to  drink — in  the  shells  rkoi  lying 
in  heaps  J — and,  lastly,  in  the  close  similarity  of  the 
soil  in  which  they  are  embedded,  to  that  which  lower 
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down  cui  be  iQeqiiiToci!!r  sliown  to  be  in  gical  put 
fanned  frcm  t}^  d^ciis  <^  t2»e  sea  animals.* 

TThii  respect  to  the  poEiiioo  in  vhirh  tbe  shells  fie, 
I  was  vepeatedlT  stziick  heie.  at  Canoepcioo^  and  aft 
other  places,  with  the  freq^iencr  of  their  occurrence  00 
the  scminits  and  edges  either  of  separate  hills,  or  of 
little  flat  headlands  olien  terminating  predpitoaslr 
OTer  the  sea.  The  several  abore^-enomerated  species  of 
Mollosca,  vhi:ii  are  ^jand  strewed  on  the  sor&ce  of 
the  land  from  a  few  feet  abore  the  lerd  of  the  sea  np 
to  the  height  c*f  1.3<»  feet,  all  now  lire  either  on  the 
beach,  or  at  oxlt  a  few  fathoms'  depth :  Mr.  Edmonston, 
in  a  letter  to  Prof  E.  Forb^  states  that  in  dredging 
in  the  Bay  of  Valparaiso,  he  found  the  comm<Hi  specitrS 
of  CcHicholepas.  Fissiirella,  Trochos,  MonooeroSy  Chi- 
tons, Ac.  lifing  in  abandance  fiom  the  beach  to  a  depth 
of  seven  futhoms ;  and  dead  shells  occurred  odIv  a  lew 
fiithcms  deeper.  The  common  TttmidlA  eingnlala 
was  dredged  up  living  at  even  from  ten  to  fifteen 
fathoms ;  but  this  is  a  species  which  I  did  not  find  here 
amongst  the  upraised  shells.  Considering  this  iact  o( 
the  species  being  all  littoral  or  sub-littoral,  considering 
their  occurrence  at  various  heights,  their  vast  numbers, 
and  their  generally  comminuted  state,  there  can  be 
little  doubt  that  thev  were  left  on  successive  beach-lines 

m 

'  In  tbe  '  Procx^edings  of  the  Geolog.  80c.*  vol.  iL  p.  4i<i,  I  ha\'e 
given  a  brief  aooonDt  of  the  upraised  shells  on  tbe  coast  of  Chile, 
and  have  there  stated  that  the  proofs  of  elevation  are  not  salkfactory 
above  the  height  of  230  feet.  I  had  at  that  time  unfortunately  over- 
looked a  separate  page  written  during  mj  second  \i!dt  to  Valparaiso, 
descriinDg  the  shells  now  in  my  possession  from  the  5S7  feet  hill ;  I 
had  not  then  unpacked  my  collections,  and  had  not  reconsidered 
the  obvions  appearance  of  greater  antiquity  of  the  shells  from  the 
greater  beights,  nor  bad  I  at  that  time  discovered  the  marine  origin  of 
the  earth  in  which  many  of  the  shells  are  packed.  Considering  these 
facts,  I  do  not  now  feel  a  shadow  of  doubt  that  the  shells,  at  tlie 
height  of  1,300  feet,  have  been  upraised  by  natural  causes  in  otlNsii 
fifesent  position. 

17 
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during  a  gradual  elevation  of  the  land.  The  presence, 
however,  of  so  many  whole  and  perfectly  preserved 
shells  appears  at  first  a  difficulty  on  this  view,  consider- 
ing that  the  coast  is  exposed  to  the  full  force  of  an 
open  ocean:  but  we  may  suppose,  either  that  these 
shells  were  thrown  during  gales  on  flat  ledges  of  rock 
just  above  the  level  of  high-water  mark,  and  that 
during  the  elevation  of  the  land  they  were  never  again 
touched  by  the  waves,  or,  that  during  earthquakes,  such 
as  those  of  1822,  1835,  and  1837,  rocky  reefs  covered 
with  marine-animals  were  at  one  blow  uplifled  above 
the  future  reach  of  the  sea.  This  latter  explanation  is, 
perhaps,  the  most  probable  one  with  respect  to  the  beds 
at  Concepcion  entirely  composed  of  the  Mytilus  Chi" 
loensisj  a  species  which  lives  below  the  lowest  tides; 
and  likewise  with  respect  to  the  great  beds,  occurring 
both  north  and  south  of  Valparaiso,  of  the  Mesodesma 
donaciforme, — a  shell  which,  as  I  am  informed  by  Mr. 
Cuming,  inhabits  sand-banks  at  the  level  of  the  lowest 
tides.  But  even  in  the  case  of  shells  having  the  habits 
of  this  Mytilus  and  Mesodesma,  beds  of  them,  wherever 
the  sea  gently  throws  up  sand  or  mud,  and  thus  prot/ccta 
its  own  accumulations,  might  be  upraised  by  the  slowest 
movement,  and  yet  remain  undisturbed  by  the  waves  of 
each  new  beach-line. 

It  is  worthy  of  remark,  that  nowhere  near  Valparaiso 
above  the  height  of  twenty  feet,  or  rarely  of  fifty  feet, 
I  saw  any  lines  of  erosion  on  the  solid  rocks,  or  any 
beds  of  pebbles ;  this,  I  believe,  may  be  accounted  for 
by  the  disintegrating  tendency  of  most  of  the  rocks  in 
this  neighbourhood.  Nor  is  the  land  here  modelled 
into  terraces:  Mr.  Alison,  however,  informs  me,  that 
on  both  sides  of  one  narrow  ravine,  at  the  height  of 
300  feet  above  the  sea,  he  found  a  succession  of  rather 
indistinct  step-formed   beaches,   composed  of   broken 
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shellfi,  whicli  togt5tber  covered  a  space  of  abont  ^g^lity 
feet  TerticaL 

I  can  add  nothiDg  to  tbe  acconnts  already  pablished 
of  the  elevation  of  the  land  at  Valparaiso,'  which  ac« 
oompanied  the  earthquake  of  1822:  but  I  heard  it 
confidently  asserted,  that  a  sentinel  on  duty,  immedi- 
ately after  the  shock,  saw  a  part  of  a  fort,  which  pre- 
viously was  not  within  the  line  of  his  vision,  and  this 
would  indicate  that  the  uplifting  was  not  horizontal: 
it  would  even  appear  from  some  facts  collected  by  Mr. 
Alison,  that  only  the  eastern  half  of  the  bay  was  then 
elevated.  Through  the  kindness  of  this  same  gentle- 
man, I  am  able  to  ^ve  an  interesting  account  of  the 
changes  of  level,  which  have  supervened  here  within 
historical  periods:  about  the  year  1680  a  long  sea-wall 
(or  PreSl)  was  buift,  (rf  which  only  a  few  fragments 
now  remain ;  up  to  the  year'  181 7,  the  sea  often  broke 
over  it,  and  washed  the  houses  on  the  opposite  side  of 
the  road  (where  the  prison  now  stands) ;  and  even  in 
1819,  Mr.  J.  Martin  remembers  walking  at  the  foot  of 
this  wall,  and  being  often  obliged  to  climb  over  it  to 
escape  the  waves.  There  now  stands  (1834)  on  tbe 
seaward  side  of  this  wall,  and  between  it  and  the  beach, 
in  one  part  a  single  row  of  houses,  and  in  another  part 
two  rows  with  a  street  between  them.  This  great 
extension  of  the  beach  in  so  short  a  time  cannot  be 
attributed  simply  to  the  accumulation  of  detritus ;  for 
a  resident  engineer  measured  for  me  the  height  between 
the  lowest  part  of  the  wall  visible,  and  the  present 
beach-line  at  spring-tides,  and  the  difference  was  eleven 
feet  six  inches.  The  church  of  S.  Augustin  is  believed 
to  have  been  built  in  1614,  and  there  is  a  tradition  that 


*  Dr.  Mejen  (*  Beise  nra  Erde,*  Th.  I.  s.  221)  found  in  1S31 
weed  and  other  bodies  still  adhering  to  some  rocks  which  during  tho 
0tiOck  of  1822  were  lilted  above  the  sea 
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the  sea  formerly  flowed  very  near  it ;  by  levelling,  its 
foundations  were  found  to  stand  nineteen  feet  six  inches 
above  the  highest  beach-line ;  so  that  we  see  in  a  period 
8f  220  years,  the  elevation  cannot  have  been  as  much 
as  nineteen  feet  six  inches.  From  the  facts  given  with 
respect  to  the  sea-wall,  and  from  the  testimony  of  the 
elder  inhabitants,  it  appears  certain  that  the  change  in 
level  began  to  be  manifest  about  the  year  1817.  The 
only  sudden  elevation  of  which  there  is  any  record 
occurred  in  1822,  and  this  seems  to  have  been  less  than 
three  feet.  Since  that  year,  I  was  assured  by  several 
competent  observers,  that  part  of  an  old  wreck,  which 
is  firmly  embedded  near  the  beach,  has  sensibly 
emerged ;  hence  here,  as  at  Chiloe,  a  slow  rise  of  the 
land  appears  to  be  now  in  progress.  It  seems  highly 
probable  that  the  rocks  which  are  corroded  in  a  band 
at  the  height  of  fourteen  feet  above  the  sea  were  acted 
on  during  the  period,  when  by  tradition  the  base  of 
S.  Augustin  church,  now  nineteen  feet  six  inches  above 
the  highest  water-mark,  was  occasionally  washed  by 
the  waves. 

Valparaiso  to  Coquimbo, — For  the  first  seventy- 
iive  miles  north  of  Valparaiso  I  followed  the  coasts-road, 
and  throughout  this  space  I  observed  innumerable 
masses  of  upraised  shells.  About  Quintero  there  are 
immense  accumulations  (worked  for  lime)  of  the  Meso^ 
desma  donacifoi^me^  packed  in  sandy  earth,  they  abound 
chiefly  about  fifteen  feet  above  high-water,  but  shells 
are  here  found,  according  to  Mr.  Miei-s,'  to  a  height  of 
500  feet,  and  at  a  distance  of  three  leagues  from  the 
coast :  I  here  noticed  barnacles  adhering  to  the  rocks 
three   or  four  feet  above  the  highest  tides.     In  the 

>  *  Travels  in  Chile/  vol.  i.  pp.  458, 395.  I  received  several  similar 
aoconnts  from  the  inhabitants,  and  was  assnred  that  there  are  many 
shells  on  the  plain  of  Casa  Blanco,  between  Yalpnraisoand  Santiago, 
at  the  height  of  800  feet. 
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neighbourhood  (^  Phizilla  and  Catapilco,  at  heights  of 
between  200  and  300  feet,  the  nnmber  of  oomminated 
shells,  with  some  perfect  ones,  eq>ecially  of  the  Meso- 
desma,  packed  in  layers,  was  truly  immense  :  the  land 
at  Plazilla  had  evidently  existed  as  a  bay,  with  abrupt 
rocky  masses  rising  out  of  it,  precisely  like  the  islets  in 
the  broken  bays  now  indenting  this  coast.  On  both 
sides  of  the  rivers  ligua,  Longotomo,  Gnachen,  and 
Qnilimari,  there  are  plains  of  gravel  about  200  feet  in 
height,  in  many  parts  absolutely  covered  with  shells. 
Close  to  Conchalee,  a  gravel-plain  is  fronted  by  a  lower 
and  similar  plain  about  sixty  feet  in  height,  and  this 
again  is  separated  fixnn  ih^  beach  by  a  wide  tract  of 
low  land :  the  surfaces  of  all  three  plains  or  terraces 
were  strewed  with  vast  numbers  of  the  Concholepas, 
Mesodesma,  an  existing  Venus,  and  other  still  existing 
littoral  shells.  The  two  upper  terraces  closely  resemble 
in  miniature  the  plains  of  Patagonia ;  and  like  them 
are  farrowed  by  dry,  flat-bottomed,  winding  valleys. 
Northward  of  this  place  I  turned  inward ;  and  therefore 
found  GO  more  shells  :  but  the  valleys  of  Chuapa,  lUapel, 
and  LimarL,  are  bounded  by  gravel-capped  plains,  often 
including  a  lower  terrace  within.  These  phuns  send 
bay- like  arms  between  and  into  the  surrounding  hills ; 
and  they  are  continuously  united  with  other  extensive 
gravel-capped  plains,  separating  the  coast  mount^n* 
ranges  from  the  Cordillera. 

CwjwLnJbom 

A  narrow  fringe-like  plain,  gently  inclined  towards 
the  sea,  here  extends  for  eleven  miles  along  the  coast, 
with  arms  stretching  up  between  the  coast-mountains, 
and  likewise  up  the  valley  of  Coquimbo :  at  its  southern 
extremity  it  is  directly  connected  with  the  plain   of 
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Limari,  out  of  which  hills  abruptly  rise  like  islets,  and 
other  hills  project  like  headlands  on  a  coast.  The 
surface  of  the  fringe-like  plain  appears  level,  but  differs 
insensibly  in  height,  and  greatly  in  composition,  in 
different  parts. 

At  the  mouth  of  the  valley  of  Coquimbo,  the  surface 
consists  wholly  of  gravel,  and  stands  from  300  to  350 
feet  above  the  level  of  the  sea,  being  about  100  feet 
higher  than  in  other  .parts.  In  these  other  and  lower 
parts,  the  superficial  beds  consist  of  calcareous  matter, 
and  rest  on  ancient  tertiary  deposits  hereafVer  to  be 
described.  The  uppermost  calcareous  layer  is  cream- 
coloured,  compact,  smooth-fractured,  sub-stalactiform, 
and  contains  some  sand,  earthy  matter,  and  recent  shells. 
It  lies  on,  and  sends  wedge-like  veins  into,'  a  much 
more  friable,  calcareous,  tuff-like  variety;  and  both 
rest  on  a  mass  about  twenty  feet  in  thickness,  formed 
of  fragments  of  recent  shells,  with  a  few  whole  ones, 
and  with  small  pebbles  firmly  cemented  together.  This 
latter  rock  is  called  by  the  inhabitants  2osa,  and  is  used 
for  building;  in  many  parts  ic  is  divided  into  strata, 
which  dip  at  an  angle  of  ten  degrees  seaward,  and  ap- 
pear as  if  they  had  originally  been  heaped  in  successive 
layers  (as  may  be  seen  on  coral-reefs)  on  a  steep  beach. 
This  stone  is  remarkable  from  being  in  parts  entirely 
formed  of  empty,  pellucid  capsules  or  cells  of  calcareous 
matter,  of  the  size  of  small  seeds  :  a  series  of  specimens 
unequivocally  showed  that  all  these  capsules  once  con- 
tained minute  rounded  fragments  of  shells  which  have 

*  In  many  respec's  tLis  upper  hard,  and  the  underlying  more 
friable  varieties,  resemble  the  great  siipcrlicial  beds  at  King  George's 
hound  in  Australia,  which  I  Imve  described  in  Chapter  VII.  p.  161. 
There  oould  be  little  doubt  that  the  upper  layers  there  have  been 
hardened  by  the  action  of  rain  on  the  friable  calcareous  matter,  and 
that  the  whole  mass  has  originated  in  the  decay  of  minutely  commi' 
nuted  sea-shells  and  corals. 
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since   been    gradually  dissolved   by  water  percolating 
through  the  masa.^ 

The  shells  embedded  in  the  calcareous  beds  forming 
the  surface  of  this  fringe-like  plain,  at  the  height  of 
from  200  to  250  feet  above  the  sea,  consist  of, 


1.  Venus  opaca. 

2.  Mulinia  Byronensis. 

3.  Pecten  parpuratu». 

4.  Me^odesma  donaci  forme. 

5.  Turritella  cing^lata. 


6.  Monoceros  costatum. 

7.  Concholepas  Peruviana. 

8.  Xrochus  (common  Valpa- 

raiso species). 

9.  Calyptrsea  Byronensis. 


Although  these  species  are  all  recent,  and  are  all 
found  in  the  neighbouring  sea,  yet  I  was  particularly 
struck  with  the  difference  in  the  proportional  numbers 
of  the  several  species,  and  of  those  now  cast  up  on  the 
present  beach.    I  found  only  one  specimen  of  the  Con- 
cholepas, and  the  Pecten  was  very  rare,  though  both 
these  shells  are  now  the  commonest  kinds,  with  the 
exception,  perhaps,  of  the  Calyptrcea  radians^  of  which 
1  did  not  find  one  in  the  calcareous  beds.     I  will  not 
»retend  to  determine  how  far  this   difference  in   the 
[roportional  numbers  depends  on  the  age  of  the  deposit, 
id  how  far  on  the  difference  in  nature  between  the 
^sent  sandy  beaches  and  the  calcareous  bottom,  on 
ry/foich  the  embedded  shells  must  have  lived. 

On  the  bare  surface  of  the  calcareous  plain,  or  in  a 
thin  covering  of  sand,  there  were  lying  at  a  height  from 
200  to  252  feet,  many  recent  shells,  which  had  a  much 
fresher  appearance  than  the  embedded  ones :  fragments 
of  the  Concholepas,  and  of  the  common  Mytilus,  still 
retaining  a  tinge  of  its  colour,  were  numerous,  and 
altogether  there  was  maniffstly  a  closer  approach  in 
proportional  numbers  to  those  now  lying  on  the  beach. 
In  a  mass  of  stratified,  slightly  agglutinated  sand,  which 
in  some  places  covers  up  the  lower  half  of  the  seaward 

'  I  have  already  had  occasion  to  describe;  this  rock  in  Chapter  VII 
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escarpment  of  the  plain,  the  incladed  shells  appeared  to 
be  in  exactly  the  same  proportional  nambers  with  those 
on  the  beach.  On  one  side  of  a  steep-sided  ravine, 
cutting  through  the  plain  behind  Herradura  Bay,  I 
observed  a  narrow  strip  of  stratified  sand,  containing 
similar  shells  in  similar  proportional  numbers :  a  section 
of  the  ravine  is  represented  in  the  following  diagram, 
which  serves  also  to  show  the  general  composition  of  the 
plain.  I  mention  this  case  of  the  ravine  chiefly  because 
without  the  evidence  of  the  marine  shells  in  the  sand, 
any  one  would  have  supposed  that  it  had  been  hollowed 
out  by  simple  alluvial  action. 

No.  22. 

Section  of  Plain  of  Coquimbo. 

B               Surface  of  plain  262  feet  above  sea. 
fi     '    ' 

Lcrtil  of  seti. 

A.  stratified  aand,  with  reoent  shells  in  same  proportions  as  on  the  beach,  half  filling 

up  a  rarlne. 

B.  Surface  of  plain  with  scattered  shdls  in  nearly  same  proportions  as  on  the  beach. 
G.  Upper  calcareous  bed,  1  with  reoent  the^s,  but  not  In  same  propor- 
D.  Lower  calcareous  sandy  bed  (Losa),  i       tions  as  on  the  beach. 

K.  Upper  ferrugino-sandy  old  tertiary  stratum,  \  with  all,  or  nearly  all,  extinct 
P.  Lower  old  tertiary  stratum,  j         shells. 


The  escarpment  of  the  fringe-like  plain,  which 
stretches  for  eleven  miles  along  the  coast,  is  in  some 
parts  fronted  by  two  or  three  narrow,  step-formed  ter- 
races, one  of  which  at  Herradara  Bay  expands  into  a 
small  plain.  Its  surface  was  there  formed  of  gravel, 
cemented  together  by  calcareous  matter ;  and  out  of  it 
I  extracted  the  following  recent  shells,  which  are  in 
a  more  perfect  condition  than  those  from  the  upper 
plain : — 
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1.  Calyptnea  radians. 

2.  Turritella  cingulata. 

3.  Oliva  Peruviana. 

4.  Murex  labiusus.  var. 

5.  Kassa  (identical  with  a  living 
species). 

6.  ISolen  Dombeiana. 

7.  Pecten  purpiiratus. 

8.  Veuos  Chilensis. 


9.  Ampbidesma  rugnlosnm.  The 
small  irregular  wrinkles  of  the 
posterior  part  of  this  shell  are 
lather  stronger  than  in  the 
recent  specimens  of  this  species 
from  Coquimbo.  (G.  B. 
Sowerby.) 

10.  Balanus  (identical  with  liv- 
ing species). 


On  the  syenitic  ridge,  which  forms  the  southern 
boundary  of  Herradura  Bay  and  Plain,  I  found  the 
Concholepas  and  Turritella  dngulata  (mostly  in  frag- 
ments), at  the  height  of  242  feet  above  the  sea.  I  could 
not  have  told  that  these  shells  had  not  formerly  been 
brought  up  by  man,  if  I  had  not  found  one  very  small 
mass  of  them  cemented  together  in  a  friable  calcareous 
tuff.  I  mention  this  fact  more  particularly,  because  I 
carefully  looked,  in  many  apparently  favourable  spots 
at  lesser  heights  on  the  side  of  this  ridge,  and  could  not 
find  even  the  smallest  fragment  of  a  shell.  This  is  only 
one  instance  out  of  many,  proving  that  the  absence  of 
sea-shells  on  the  surface,  though  in  many  respects  inex- 
plicable, is  an  argument  of  very  little  weight  in  opposi- 
tion to  other  evidence  on  the  recent  elevation  of  the 
land.  The  highest  point  in  this  neighbourhood  at  which 
I  found  upraised  shells  of  existing  species  was  on  an 
inland  calcareous  plain,  at  the  height  of  252  feet  above 
the  sea. 

It  would  appear  from  Mr.  Caldcleugh's  researches,' 
that  a  rise  has  taken  place  here  within  the  last  century 
and  a  half;  and  as  no  sudden  change  of  level  has  been 
observed  during  the  not  very  severe  earthquakes,  which 
have  occasionally  occurred  here,  the  rising  has  probably 
been  slow,  like  that  now,  or  quite  lately,  in  progress  at 
Chiloe  and  at  Valparaiso :  there  are  three  well-known 
rocks,  called  the  Pelicans,  which  in  1710,  accoi-ding  to 


*  *  rtooeedlngs  of  the  Geological  Society/  vol.  ii.  p.  446. 
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Feuill^e,  were  d  fleur  d^eaUj  but  now  are  said  to  stand 
twelve  feet  above  low- water  mark :  the  spring-tides  rise 
here  only  five  feet.  There  is  another  rock,  now  nine 
feet  above  high-water  mark,  which  in  the  time  of  Frezier 
and  of  Feuill6e  rose  only  five  or  six  feet  out  of  water. 
Mr.  Caldcleugh,  I  may  add,  also  shows  (and  I  received 
similar  accounts)  that  there  has  been  a  considerable 
decrease  in  the  soundings  during  the  last  twelve  years 
in  the  Bays  of  Coquimbo,  Concepcion,  Valparaiso,  and 
Gaasco ;  but  as  in  these  cases  it  is  nearly  impossible  to 
distinguish  between  the  accumulation  of  sediment  and 
the  upheaveraent  of  the  bottom,  I  have  not  entered  into 
any  details. 

Valley  of  Coquimbo, — ^The  narrow  coast-plain  sends, 
as  before  stated,  an  arm,  or  more  correctly  a  fringe  on 
both  sides,  but  chiefly  on  the  southern  side,  several 
miles  up  the  valley.  These  fringes  are  worn  into  steps 
or  teiTaces,  which  present  a  most  remarkable  appear- 
ance, and  have  been  compared  (though  not  very  cor- 
rectly) by  Capt.  Basil  Hall,  to  the  parallel  roads  of  Glen 
Koy  in  Scotland  :  their  origin  has  been  ably  discussed 
by  Mr.  LyelL*     The  first  section  which  I  will  give,  is 

not  drawn  across  the  valley,  but  in  an  east  aud  w;est 

"1 

No.  23. 

East  and  West  Section  through  the  Terraces  at  Coiiiimbo,  where  they  debouoh 

from  the  Valley,  aud  fruut  the  Sea. 

(B.) 
3U2. 

D  fC.) 

\ 130 feet  (B.)  ^a  ^ 

N ^1-i— ,     701eet.  J-^ 

V 

M    —— ■ ■ '■■  t» 

Lerel  of  sea.  Town  of  Coquimbo.  ** 

Vertical  scale  V^th  of  inch  to  100  feet :  horizontal  scale  much  oontracted. 

line  at  its  month,  where  the  step-formed  terraces  de- 
bouch and  present  their  very  gently  inclined  surfaces 
towards  the  Pacific. 

»  •  Principles  of  Geology '  (1st  edit.),  vol.  iil.  p.  131. 


(F.) 

364  let  t. 


i 
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The  bottom  plain  (A)  is  abont  a  mile  in  width,  and 
rises  quite  insensibly  from  the  beach  to  a  height  of 
twenty-five  feet  at  the  foot  of  the  next  plain  :  it  is  sandy, 
and  abundantly  strewed  with  shells. 

Plain  or  terrace  (6)  is  of  small  extent,  and  is  almost 
concealed  by  the  houses  of  the  town,  as  is  likewise  the 
escarpment  of  terrace  (C).      On  both  sides  of  a  ravine, 
t^wo  miles  south  of  the  town,  there  are  two  little  ter- 
races, one  above  the  other,  evidently  corresponding  with 
(B)  and  (C)  ;  and  on  them  marine  remains  of  the  species 
already  enumerated  were  plentiful..    Terrace  (E)  is  very 
narrow,  but  quite  distinct  and  level ;  a  little  southward 
of  the  town  there  were  traces  of  a  terrace  (D)  inter- 
mediate between  (E)  and  (C).      Terrace  (F)  is  part  of 
the  fringe-like  plain,  which  stretches  for  the  eleven 
miles  along  the  coast ;  it  is  here  composed  of  shingle, 
and  is  100  feet  higher  than  where  composed  of  calca- 
reous matter.     This  greater  height  is  obviously  due  to 
the  quantity  of  shingle,  which  at  some  former  period 
has  been  brought  down  the  great  valley  of  Coquimbo. 

^  Considering  the  many  shells  strewed  over  the  ter- 
races (A)  (B)  and  (C),  and  a  few  miles  southward  on 
the  calcareous  plain,  which  is  continuously  united  with 
the  upper  step-like  plain  (F),  there  cannot,  I  apprehend, 
be  any  doubt,  that  these  six  terraces  have  been  formed 
by  the  action  of  the  sea ;  and  that  their  five  escarp- 
ments mark  so  many  periods  of  comparative  rest  in  the 
elevatory  movement,  during  which  the  sea  wore  into 
the  land.  The  elevation  between  these  periods  may 
have  been  sudden  and  on  an  average  not  more  than 
seventy-two  feet  each  time,  or  it  may  have  been  gradual 
and  insensibly  slow.  From  the  shells  on  the  three 
lower  terraces,  and  on  the  upper  one,  and  I  may  add  on 
the  three  gravel-capped  terraces  at  Conchalee,  being  all 
littoral  and  sub-littoral  species,  and  from  the  analogical 
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facts  given  at  Valparaiso,  and  lastly  from  the  evidence 
of  a  slow  rising  lately  or  still  in  progress  here,  it  appears 
to  me  far  more  probable,  that  the  movement  has  been 
slow.  The  existence  of  these  successive  escarpments, 
or  old  clifT-lines,  is  in  another  respect  highly  instructive, 
for  they  show  periods  of  comparative  rest  in  the  eleva- 
tory  movement,  and  of  denudation,  which  would  never 
even  have  been  suspected  from  a  close  examination  of 
many  miles  of  coast  southward  of  Coquimbo. 

We  come  now  to  the  terraces  on  the  opposite  sides 
of  the  east  and  west  valley  of  Coquimbo :  the  following 
section  is  taken  in  a  north  and  south  line  across  the 
valley  at  a  point  about  three  miles  from  the  sea.  The 
valley  measured  from  the  edges  of  the  escarpments  of 
the  upper  plain  (P)  {¥)  is  about  a  mile  in  width ;  but 
from  the  bases  of  the  bounding  mountains  it  is  from 
three  to  four  miles  wide.  The  terraces  marked  with 
an  interrogative  do  not  exist  on  that  side  of  the  valley, 
but  are  introduced  merely  to  render  the  diagram  more 
intelligible. 

No.  24. 

Korth  and  S  juth  Section  across  the  Va*Iey  of  Coqalmbo. 
E? 

DC  B  ▲  B?  0  Bt 

•  • 

i  : 


Lerd  of  sea. 


Vertical  scale  ^Vh  of  inch  to  100  feet :  horizontal  scale  mach  contracted :  terraces 
marked  with  (?)  do  not  occur  ou  that  side  of  the  ralley,  and  are  introdaced  ouly 
to  make  the  diagram  more  intelligible.  A  rirer  and  bottoni-pJaiu  of  railey  C,  K, 
and  F.  on  tlie  «bnth  side  of  valley,  are  respectiTely,  197,  377,  and  490  feet  above 
the  level  of  the  i 


A  A  The  bottom  of  the  valley,  bdieved  to  be  100  feet  above  the  sea :  it  is  oontina- 

ooflly  anited  with  the  lowest  plain  (A)  of  the  former  section. 
B  This  tenaoe  higher  up  the  vsllev  expands  considerably ;  seaward  It  Is  poon  hMt, 

ita  esoarpment  being  united  with  that  of  (C) :  it  is  not  developed  at  aU  on  tiM 

aonth  side  of  the  vidley. 
O  This  terrace  like  the  last,  is  considerably  expanded  higher  up  the  Tallejr.    Tbeaa 

two  terraces  apparently  correspond  with  (B)  and  (0)  of  the  former  section. 
D  is  not  well  devf-Ioped  in  the  line  of  this  section  ;  bat  seaward  it  expands  into  • 

plain  :  it  is  not  prpsent  on  the  south  side  of  the  valley  ;  but  it  is  met  with,  af 

!(lated  under  the  foru^er  section,  a  little  totttb  of  the  town. 
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E  is  wen  dereloped  on  the  aoath  side,  but  absent  on  the  north  side  of  the  valley  ; 

thoagh  not  oontinuoasly  united  with  (E)  of  the  former  section,  it  apparently 

corresponds  with  it. 
W  This  is  the  surface-plain,  and  is  continuously  united  with  that  which  stretches 

like  a  fringe  a'ong  the  coast.    In  ascendiiitr  the  Tal'ey  it  giadtiaiy  becomos 

narrower,  and  is  at  last,  at  the  distance  of  about  ten  miles  from  the  sea,  reduce<i 
.  to  a  row  of  flat-topped  patches  on  the  sides  of  the  mountains.    Kone  of  the  lower 

terraces  extend  so  far  up  the  Talley. . 

These  five  terraces  are  formed  of  shingle  and  sand ; 
three  of  them,  as  marked  by  Capt.  Basil  Hall  (namely, 
B,  G,  and  F),  are  much  more  conspicuous  than  the  others. 
From  the  marine  remains  copiously  strewed  at  the 
mouth  of  the  valley  on  the  lower  terraces,  and  south- 
ward of  the  town  on  the  upper  one,  they  are,  as  before 
remarked,  undoubtedly  of  marine  origin ;  but  within 
the  valley,  and  this  fact  well  deserves  notice,  at  a  dis- 
tance of  from  only  a  mile  and  a  half  to  three  or  four 
miles  from  the  sea,  I  could  not  find  even  a  fragment  of 

0  shell. 

On  the  inclindtion  of  the  terraces  of  Coquhnbo^ 
and  on  the  upper  and  basal  edges  of  their  escarpments 
not  being  horizontal. — The  surfaces  of  these  terraces 
slope  in  a  slight  degree,  as  shown  by  the  last  two  sections 
taken  conjointly,  both  towards  the  centre  of  the  valley, 
and  seawards  towards  its  mouth.  This  double  or 
diagonal  inclination,  which  is  not  the  same  in  the 
several  terraces,  is,  as  we  shall  immediately  see,  of 
simple  explanation.  There  are,  however,  some  other 
points  which  at  first  appear  by  no  means  obvious, — 
namely,  first,  that  each  terrace,  taken  in  its  whole 
breadth  from  the  summit-edge  of  one  escarpment  to 
the  base  of  that  above  it,  and  followed  up  the  valley,  is 
not  horizontal ;  nor  have  the  several  terraces,  when 
followed  up  the  valley,  all  the  same  inclination;  thus 

1  found  the  terraces  C,  E,  and  F,  measured  at  a  point 
about  two  miles  from  the  mouth  of  the  valley,  stood 
severally  between  fifty-six  to  seventy-seven  feet  higher 
than  at  the  mouth.      Again,  if  we  look  to  any  one  line 
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of  clifif  or  escarpment,  neither  its  snmmit-edge  nor  its 
base  is  horizontal.  On  the  theory  of  the  terraces  having 
been  formed  daring  a  slow  and  equable  rise  of  the  land, 
with  as  many  intervals  of  rest  as  there  are  escarpments, 
it  appears  at  first  very  surprising  that  horizontal  lines 
of  some  kind  should  not  have  been  lefb  on  the  land. 

The  direction  of  the  diagonal  inclination  in  the 
different  terraces  being  different, — in  some  being  direc- 
ted more  towards  the  middle  of  the  valley,  in  others 
more  towards  its  mouth, — naturally  follows  on  the 
view  of  each  terrace,  being  an  accumulation  of  successive 
beach-lines  round  bays,  which  must  have  been  of  dif- 
ferent forms  and  sizes  when  the  land  stood  at  different 
levels :  for  if  we  look  to  the  actual  beach  of  a  narrow 
creek,  its  slope  is  directly  towards  the  middle ;  whereas, 
in  an  open  bay,  or  slight  concavity  on  a  coast,  the  slope 
is  towards  the  mouth,  that  is,  almost  directly  seaward ; 
hence  as  a  bay  alters  in  form  and  size,  so  will  the  direc- 
tion of  the  inclination  of  its  successive  beaches  become 
changed. 

If  it  were  possible  to  trace  any  one  of  the  many 
beach-lineH,  composing  each  sloping  terrace,  it  would 
of  course  be  horizontal ;  but  the  only  lines  of  demarca- 
tion are  the  summit  and  basal  edges  of  the  escarpments. 
Now  the  summit-edge  of  one  of  these  escarpments 
marks  the  furth^t  line  or  point  to  which  the  sea  has 
cut  into  a  mass  of  gravel  sloping  seaward ;  and  as  the 
sea  will  generally  have  greater  power  at  the  mouth  than 
at  the  protected  head  of  a  bay,  so  will  the-  escarpment 
at  the  mouth  be  cut  deeper  into  the  land,  and  its 
summit-edge  be  higher;  consequently  it  will  not  be 
horizontal.  With  respect  to  the  basal  or  lower  edges 
of  the  escarpments,  from  picturing  in  one's  mind  ancient 
bays  entirely  surrounded  at  successive  periods  by  cliff- 
formed  shores,  one's  first  impression  is  that  they  at  leasl 
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necessarily  must  be  horizontal,  if  the  elevation  has  been 
horizontal.  But  here  is  a  fallacy :  for  afber  the  sea  has, 
daring  a  cessation  of  the  elevation,  worn  cliSs  all  round 
the  shores  of  a  bay,  when  the  movement  recommences, 
and  especially  if  it  recommences  slowly,  it  might  well 
happen  that,  at  the  exposed  mouth  of  the  bay,  the 
waves  might  continue  for  some  time  wearing  into  the 
land,  whilst  in  the  protected  and  upi)er  parts  successive 
beach-lines  might  be  accumulating  in  a  sloping  surface 
or  terrace  at  the  foot  of  the  cliSs  which  had  been  lately 
reached :  hence,  supposing  the  whole  line  of  escarpment 
to  be  finally  uplifted  above  the  reach  of  the  sea,  its 
basal  line  or  foot  near  the  mouth  will  run  at  a  lower 
level  than  in  the  upper  and  protected  parts  of  the  bay ; 
consequently  this  basal  line  will  not  be  horizontal.  And 
it  has  already  been  shown  that  the  summit-edges  of 
each  escarpment  will  generally  be  higher  near  the 
mouth  (from  the  seaward  sloping  land  being  there  most 
exposed  and  cut  into)  than  near  the  head  of  the  bay ; 
therefore  the  total  height  of  the  escarpments  will  be 
greatest  near  the  mouth ;  and  further  up  the  old  bay 
or  valley  they  will  on  both  sides  generally  thin  out  and 
die  away:  I  have  observed  this  thinning  out  of  the 
successive  escarpment  at  other  places  besides  Coquimbo ; 
and  for  a  long  time  I  was  quite  unable  to  understand 
its  meaning.  The  following  rude  diagram  will  perhaps 
render  what  I  mean  more  intelligible ;  it  represents  a 
bay  in  a  district  which  has  begun  slowly  rising.  Before 
the  movement  commenced,  it  is  supposed  that  the 
waves  had  been  enabled  to  eat  into  the  land  and  form 
cliffs,  as  far  up,  but  with  gradually  diminishing  power, 
as  the  points  A  A:  after  the  movement  had  commenced 
and  gone  on  for  a  little  time,  the  sea  is  supposed  still  to 
have  retained  the  power,  at  the  exposed  mouth  of  the 
bay,  of  cutting  down  and  into  the  land  as  it  slowly 
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emet^^ ;    but  in   the   upper   parte   of  the  bay  it  is 

BQpposed  BOOH  to  have  lost  this  power,  owing  to  the  more 

Ho  26 


l^v^ 

Wf      =>  J#ii 

^t^^— 

f 

'^m^' 

-^K^ 

protected  sitnation  and  to  the  qaantity  of  detritns 
brought  down  by  the  river ,  consequeDtlv  low  land  was 
there  accumnlated  As  this  low  land  n  as  formed  during 
a  dow  elevatory  movement,  its  surface  will  gently  slope 
upwards  from  the  beach  on  all  sides.  Now,  let  us 
imagine  the  bay,  uot  to  make  the  diagram  more  com- 
plicated, suddenly  converted  into  a  valley :  the  basal 
line  of  the  cUBs  will  of  course  be  horizontal,  as  far  as 
the  beach  is  now  seen  extending  in  the  diagram ;  but 
in  the  upper  part  of  the  valley,  this  line  will  be  higher, 
the  level  of  the  district  having  been  raised  whilst  the 
low  land  was  accomalating  at  the  foot  of  the  inland 
olifis.  If,  instead  of  the  bay  in  the  diagram  being 
suddenly  converted  into  a  valley,  we  suppose  with  much 
more  probability  it  to  be  upraised  slowly,  then  the 
waves  in  the  upper  parte  of  the  bay  will  continue  very 
gradually  to  fail  to  reach  the  cliffs,  which  are  now  in 
the  diagram  represented  as  washed  by  the  sea,  and 
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which,  consequently,  will  be  left  standing  higher  and 
higher  above  its  level ;  whilst  at  the  still  exposed  month, 
it  might  well  happen  that  the  wa>  es  might  be  enabled 
to  cut  deeper  and  deeper,  both  down  and  into  the  cliffs, 
as  the  land  slowly  rose. 

The  greater  or  lesser  destroying  power  of  the  waves 
at  the  mouths  of  successive  bays,  comparatively  with 
this  same  power  in  their  upper  and  protected  parts,  will 
vary  as  the  bays  become  changed  in  form  and  size,  and 
therefore  at  different  levels,  at  their  mouths  and  heads, 
more  or  less  of  the  surfaces  between  the  escarpments, 
(that  is,  the  accumulated  beach-lines  or  terraces)  will 
be  left  undestroyed :  from  what  has  gone  before  we  can 
see  that,  according  as  the  elevatory  movements  after 
each  cessation  recommence  more  or  less  slowly,  according 
to  the  amount  of  detritus  delivered  by  the  river  at  the 
heads  of  the  successive  bays,  and  according  to  the  degree 
of  protection  afforded  by  their  altered  forms,  so  will  a 
greater  or  less  extent  of  terrace  be  accumulated  in  the 
upper  part,  to  which  there  will  be  no  surface  at  a  cor- 
responding level  at  the  mouth :  hence  we  can  perceive 
why  no  one  terrace,  taken  in  its  whole  breadth  and 
followed  up  the  valley,  is  horizontal,  though  each 
separate  beach-line  must  have  been  so ;  and  why  the 
inclination  of  the  several  terraces,  both  transversely, 
and  longitudinally  up  the  valley,  is  not  alike. 

I  have  entered  into  this  case  in  some  detail,  for  I 
was  long  perplexed  (and  others  have  felt  the  same 
diflBculty)  in  understanding  how,  on  the  idea  of  an 
equable  elevation  with  the  sea  at  intervals  eating  into 
the  land,  it  came  that  neither  the  terraces  nor  the  upper 
nor  lower  edges  of  the  escarpments  were  horizontal. 
Along  lines  of  coast,  even  of  great  lengths,  such  as  that 
of  Patagonia,  if  they  are  nearly  uniformly  exposed,  the 
corroding  power  of  the  waves  will  be  checked  and 

18 
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conquered  by  the  elevatory  movement,  as  often  as  it 
recommences,  at  about  the  same  period  ;  and  hence  the 
terraces,  or  accamnlated  beach-lines,  will  commence 
being  formed  at  nearly  the  same  levels :  at  each  suc- 
ceeding period  of  rest,  they  will,  also,  be  eaten  into  at 
nearly  the  same  rate,  and  consequently  there  will  be  a 
much  closer  coincidence  in  their  levels  and  inclinations, 
than  in  the  terraces  and  escarpments  formed  round 
bays  with  their  different  parts  very  differently  exposed 
to  the  action  of  the  sea.  It  is  only  where  the  waves 
are  enabled,  after  a  long  lapse  of  time,  slowly  to  corrode 
Lard  rocks,  or  to  throw  up,  owing  to  the  supply  of 
sediment  being  small  and  to  the  surface  being  steeply 
inclined,  a  narrow  beach  or  mound,  that  we  can  expect, 
as  at  Glen  Roy  in  Scotland,*  a  distinct  line  marking  an 
old  sea- level,  and  which  will  be  strictly  horizontal,  if 
the  subsequent  elevatory  movements  have  been  so :  for 
in  these  cases  no  discernible  effects  will  be  produced, 
except  during  the  long  intervening  periods  of  rest; 
whereas  in  the  case  of  step-formed  coasts,  such  as  those 
described  in  this  and  the  preceding  chapter,  the  terraces 
themselves  are  accumulated  during  the  slow  elevatory 
process,  the  accumulation  commencing  sooner  in  pro- 
tected than  in  exposed  situations,  and  sooner  where 
there  is  copious  supply  of  detritus  than  where  there  is 
little ;  on  the  other  hand,  the  steps  or  escarpments  are 
formed  during  the  stationary  periods,  and  are  more 
deeply  cut  down  and  into  the  coast-land,  in  exposed 
than  in  protected  situations ; — the  cutting  action,  more- 
over, being  prolonged  in  the  most  exposed  parts,  both 
during  the  beginning  and  ending,  if  slow,  of  the  upward 
movement. 

Although  in  the  foregoing  discussion  I  have  assumed 
the  elevation  to  have  been  horizontal,  it  may  be  sua* 

>  <  Pbik8"pbical  Tranaactions,'  1839,  p.  89. 
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pected,  from  the  considerable  seaward  slope  of  the 
terraces,  both  up  the  valley  of  S.  Cruz  and  up  that  of 
Coquimbo,  that  the  rising  has  been  greater  inland  than 
nearer  the  coast.  There  is  reason  to  believe,*  from  the 
effects  produced  on  the  water-course  of  a  mill  during 
the  earthquake  of  1822  in  Chile,  that  the  upheaval  one 
mile  inland  was  nearly  double,  namely,  between  five 
and  seven  feet,  to  what  it  was  on  the  Pacific.  We  know, 
also,  from  the  admirable  researches  of  M.  Bravais,^  that 
in  Scandinavia  the  ancient  sea-beaches  gently  slope 
firom  the  interior  mountain-ranges  towards  the  coast, 
and  that  they  are  not  parallel  one  to  the  other,  showing 
that  the  proportional  difierence  in  the  amount  of  eleva- 
tion on  the  coast  and  in  the  interior,  varied  at  difierent 
periods. 

Coquimbo  to  Quasco, — In  this  distance  of  ninety 
miles,  I  found  in  almost  every  part  marine  shells  up  to 
a  height  of  apparently  from  200  to  300  feet.  The 
desert  plain  near  Choros  is  thus  covered ;  it  is  bounded 
by  the  escarpment  of  a  higher  plain,  consisting  of  pale- 
coloured,  earthy,  calcareous  stone,  like  that  of  Coquimbo, 
with  the  same  recent  shells  embedded  in  it.  In  the 
valley  of  Chaiieral,  a  similar  bed  occurs  in  which,  dif- 
ferently from  that  of  Coquimbo,  I  observed  many  shells 
of  the  Concholepas :  near  Guasco  the  same  calcareous 
bed  is  likewise  met  with. 

In  the  valley  of  Guasco,  the  step-formed  terraces  of 
gravel  are  displayed  in  a  more  striking  manner  than  at 
any  other  point.  I  followed  the  valley  for  thirty-seven 
miles  (as  reckoned  by  the  inhabitants)  from  the  coast 
to  fiallenar :  in  nearly  the  whole  of  this  distance,  five 


>  Mr.  Place,  in  the  *  Quarterly  Journal  of  Science,'  1824,  vol.  xvii. 
p.  42. 

*  '  Voyages  de  la  Comm.  da  Nord,'  &c. :  aUo, '  Com|>tes  Bendot,* 
Oct.  1842. 
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grand  terraces,  running  at  corresponding  heights  on 
both  sides  of  the  broad  valley,  are  more  conspicuous 
than  the  three  best  developed  ones  at  Coquimbo.  They 
give  to  the  landscape  the  most  singular  and  formal 
aspect;  and  when  the  clouds  hung  low,  hiding  the 
neighbouring  mountains,  the  valley  resembled  in  the 
most  striking  manner  that  of  Santa  Cruz.  The  whole 
thickness  of  these  terraces  or  plains  seems  composed  of 
gravel,  rather  firmly  aggregated  together,  with  occasional 
parting  seams  of  clay :  the  pebbles  on  the  upper  plain 
are  often  white-washed  with  an  albuminous  substance, 
as  in  Patagonia.  Near  the  coast  I  observed  many  sea* 
shells  on  the  lower  plains.  At  Freyrina  (twelve  miles 
up  the  valley),  there  are  six  terraces  beside  the  bottom- 
surface  of  the  valley :  the  two  lower  ones  are  here  only 
fi^om  200  to  300  yards  in  width,  but  higher  up  the 
valley  they  expand  into  plains :  the  third  terrace  is 
generally  narrow  :  the  fourth  I  saw  only  in  one  place, 
but  there  it  was  distinct  for  the  length  of  a  mile :  the 
fifth  is  very  broad  :  the  sixth  is  the  summit-plain, 
which  expands  inland  into  a  great  basin.  Not 
having  a  barometer  with  me,  I  did  not  ascertain  the 
height  of  these  plains,  but  they  appeared  consider- 
ably higher  than  those  at  Coquimbo.  Their  width 
varies  much,  sometimes  being  very  broad,  and  some- 
times contracting  into  mere  fringes  of  separate  flat- 
topped  proje<;tion8,  and  then  quite  disappearing:  at 
the  one  spot,  where  the  fourth  terrace  was  visible,  the 
whole  six  terraces  were  cut  off  for  a  short  space  by  one 
single  bold  escarpment.  Near  Ballenar  (thirty-seven 
miles  from  the  mouth  of  the  river),  the  valley  between 
the  summit-edges  of  the  highest  escarpment  is  several 
miles  in  width,  and  the  five  terraces  on  both  sides  are 
broadly  developed :  the  highest  cannot  be  less  than 
600  feet  above  the  bed  of  the  river,  which  itself  must^ 
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I  conceive,  be  some  hundred  feet  above  the  sea.  A 
north  and  south  section  across  the  valley  in  this  part  is 
here  represented. 

No.  26. 

North  and  South  Section  across  the  Valley  of  Gnasco,  and  of  a  plain  north  of  it. 
North.  South. 


r\ 

0 

A 

Biver  of  Guasoow                         At 

Town  of  Ballenar. 

On  the  northern  side  of  the  valley  the  summit-plain 
of  gravel  (A)  has  two  escarpments,  one  facing  the  valley, 
and  the  other  a  great  basin-like  plain  (B),  which 
stretches  for  several  leagues  northward.  This  narrow 
plain  (A)  with  the  double  escarpment,  evidently  once 
formed  a  spit  or  promontory  of  gravel,  projecting  into 
and  dividing  two  great  bays,  and  subsequently  was 
worn  on  both  sides  into  steep  cliffs.  Whether  the 
several  escarpments  in  this  valley  were  formed  during 
the  same  stationary  periods  with  those  of  Coquimbo 
I  will  not  pretend  to  conjecture ;  but  if  so,  the  inter- 
vening and  subsequent  elevatory  movements  must  have 
been  here  much  more  energetic,  for  these  plains  cer- 
tainly stand  at  a  much  higher  level  than  do  those  of 
Coquimbo. 

Copiapo, — From  Guasco  to  Copiapo,  I  followed  the 
road  near  the  foot  of  the  Cordillera,  and  therefore  saw 
no  upraised  remains.  At  the  mouth,  however,  of  the 
valley  of  Copiapo  there  is  a  plain,  estimated  by  Meyen  * 
between  fifty  and  seventy  feet  in  height,  of  which  the 
upper  part  consists  chiefly  of  gravel,  abounding  with 
recent  shells,  chiefly  of  the  Concholepas,  Venus  Dombeyi, 
and  Calyptrcea  trochiformis.  A  little  inland,  on  a 
plain  estimated  by  myself  at  nearly  300  feet,  the  upper 

'  '  Belse  um  die  Krde.'    Tb.  1.  s.  372,  et  seq. 
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stratum  was  formed  of  broken  shells  and  sand  cemented 
by  white  calcareous  matter,  and  abounding  with  em- 
bedded recent  shells,  of  which  the  Mtdinia  Byronensiff 
and  Pecten  purpuratu$  were  the  most  numerous.  The 
lower  plain  stretches  for  some  miles  southward,  and  for 
an  unknown  distance  northward,  but  not  far  up  the 
valley;  its  seaward  face,  according  to  Meyen,  is  worn 
into  caves  above  the  level  of  the  present  beach.  The 
valley  of  Copiapo  is  much  less  steeply  inclined  and  less 
direct  in  its  course  than  any  other  valley  which  I  saw 
in  Chile ;  and  its  bottom  does  not  generally  consist  of 
gravel :  there  are  no  step-formed  terraces  in  it,  except  at 
one  spot  near  the  mouth  of  the  great  lateral  valley  of 
the  Despoblado  where  there  are  only  two,  one  above  the 
other :  lower  down  the  valley,  in  one  place  I  observed 
that  the  solid  rock  had  been  cut  into  the  shape  of  a 
beach  and  was  smoothed  over  with  shingle. 

Northward  of  Copiapo,  in  lat.  26°  S.,  the  old  voyager 
Wafer*  found  immense  numbers  of  sea-shells  some 
miles  from  the  coast.  At  Gobija  (lat.  22*^  34'),  M. 
d'Orbigny  observed  beds  of  gravel  and  broken  shells, 
containing  ten  species  of  recent  shells;  he  also  found, 
on  projecting  points  of  porphyry,  at  a  height  of  300 
feet,  shells  of  Concholepas,  Chiton,  Calyptraea,  Fissurella, 
and  Patella,  still  attached  to  the  spots  on  which  they 
had  lived.  M.  d'Orbigny  argues  from  this  fact,  that 
the  elevation  must  have  been  great  and  sudden:*  to 

'  Barnett's  •  Collection  of  Voyages,*  vol.  iv.  p.  193. 

•  •  Voyage.  Part.  G6olog.'  p.  »4.  BI.  d'Orbigny  (p.  98*  in  sum- 
ming np,  says, '  S'ii  est  certain  (as  he  believes)  que  tons  les  terrains 
en  pente,  compris  entre  la  mer  et  les  montagnes  sont  I'ancien  rivage 
de  la  mer,  on  doit  supposer,  pour  Vensemble,  un  exhaussement  qui  ne 
serait  pas  moindre  de  deux  cent  metres ;  il  faudrait  supposer  encore 
que  ce  souldvement  n*a  point  6t6graduel ;  .  .  •  maisqu'il  r6sulterait 
d*une  seule  et  mSme  cause  fortuite,*  ice.  Now,  on  this  view,  when 
the  sea  was  forming  the  beach  at  the  foot  of  the  mountains,  many 
shells  of  Concholepas,  Chiton,  Calyptraea,  Fissurella,  and  Patella 
(which  axe  known  to  live  close  to  the  beach),  were  attached  to  rocks 
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me  it  appears  far  more  probable  that  the  movement 
was  gradual,  with  small  starts  as  during  the  earth- 
quakes of  1822  and  1835,  by  which  whole  beds  of  shells 
attached  to  the  rocks  were  lifted  above  the  subsequent 
reach  of  the  waves.  M.  d'Orbigny  also  found  rolled 
pebbles,  extending  up  the  mountain  to  a  height  of  at 
least  600  feet.  At  Iquique  (lat.  W  12'  S.),  in  a  great 
accumulation  of  sand,  at  a  height  estimated  between  150 
and  200  feet,  I  observed  many  large  sea-shells  which  I 
thought  could  not  have  been  blown  up  by  the  wind  to 
that  height.  Mr.  J.  H.  Blake  has  lately '  described 
these  shells :  he  states  that  ^  inland  toward  the  moun« 
tains  they  form  a  compact  uniform  bed,  scarcely  a  trace 
of  the  original  shells  being  discernible;  but  as  we 
approach  the  shore,  the  forms  become  gradually  more 
distinct  till  we  meet  with  the  living  shells  on  the  coast.' 
This  interesting  observation,  showing  by  the  gradual 
decay  of  the  shells  how  slowly  and  gradually  the  coast 
mast  have  been  uplifted,  we  shall  presently  see  fully 
confirmed  at  Lima.  At  Arica  (lat.  18^  28'),  M. 
d'Orbigny  *  found  a  great  range  of  sand-dunes,  four- 
teen leagues  in  length,  stretching  towards  Tacna,  in- 
cluding recent  shells  and  bones  of  Cetacea,  and  reach- 
ing up  to  a  height  of  300  feet  above  the  sea.  Lieut. 
Freyer  han  given  some  more  precise  facts  :  he  states ' 
that  the  Morro  of  Arica  is  about  400  feet  high ;  it  is 
worn  into  obscure  terraces,  on  the  bare  rock  of  which 
he  found    Balini  and  MilleporsB  adhering.      At    the 

at  a  depth  of  300  feet,  and  at  a  depth  of  ftOO  feet  several  of  these 
same  shells  were  accamalating  Id  gruat  numbers  in  horizontal  beds. 
From  what  I  liave  myself  seen  in  dredging,  I  believe  this  to  be 
improbable  in  the  highest  degree,  if  not  impossible ;  and  I  think 
every  one  who  has  read  I^rof .  £.  Forbes's  ezcelle/it  researches  on  the 
subject,  will  without  hesitation  ag^e  in  this  conclusion. 

>  Silliman*8  '  Amer.  Jour,  of  Science,*  vol.  zliv.  p.  2. 

«  •  Voyage,' &c.  p.  101. 

'  In  a  letter  to  Mr.  Lyell,  'Geolog.  Proc.*  vol.  ii.  p.  179. 
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height  of  between  twenty  and  thirty  feat  the  shells 
and  corals  were  in  a  quite  fresh  state,  but  at  fifty  feet 
they  were  much  abraded ;  there  were,  however,  traces 
of  organic  remains  at  greater  heights.  On  the  road 
from  Tacna  to  Arequipa,  between  Loquimbo  and 
Moquegua,  Mr.  M.  Hamilton }  found  numerous  recent 
sea-shells  in  sand,  at  a  considerable  distance  from  the 
sea. 

Northward  of  Arica,  I  know  nothing  of  the  coast 
for  about  a  space  of  five  degrees  of  latitude ;  but  near 
Gallao,  the  port  of  Lima,  there  is  abundant  and 
very  curious  evidence  of  the  elevation  of  the  land. 
The  island  of  San  Lorenzo  is  upwards  of  1,000  feet 
high ;  the  basset  edges  of  the  strata  composing  the 
lower  part  are  worn  into  three  obscure,  narrow,  sloping 
steps  or  ledges,  which  can  be  seen  only  when  standing 
on  them :  they  probably  resemble  those  described  by 
Lieut.  Freyer  at  Arica.  The  surface  of  the  lower  ledge, 
which  extends  from  a  low  cliff  overhanging  the  sea  to 
the  foot  of  the  next  upper  escarpment,  is  covered  by  an 
enormous  accumulation  of  recent  shells.'  The  bed  is 
level,  and  in  some  parts  more  than  two  feet  in  thick- 
ness ;  I  traced  it  over  a  space  of  one  mile  in  length, 
and  heard  of  it  in  other  places :  the  uppermost  part  is 
eighty-five  feet  .by  the  barometer  above  high-water 
mark.  The  shells  are  packed  together,  but  not  strati- 
fied ;  they  are  mingled  with  earth  and  stones,  and  are 
generally  covered  by  a  few  inches  of  detritus ;  they 
rest  on  a  mass  of  nearly  angular  fragments  of  the 
underlying  sandstone,  sometimes  cemented  together  by 

»  «  Edin.  New  Phil.  Jour.'  vol.  xxx.  p.  155. 
*  M.  CheTa:ier,  in  the  'Voyage  of  the  Bonite,*  ohserred  these 
•hells ;  but  his  specimens  were  lost. — *  L'lnstitnt,'  1S38,  p.  151. 
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00m  mon  salt.  I  collected  eighteen  species  of  shells  of 
all  ages  and  sizses.  Several  of  the  nnivalves  had  evi- 
dently long  lain  dead  at  the  bottom  of  the  sea,  for 
their  insides  were  incrusted  with  Balani  and  Serpulse. 
All,  according  to  Mr.  G.  B.  Sowerbj,  are  recent  si)ecies : 
they  consist  of — 


1.  Mytilns  MagellanicDs:  sameas 

that  found  at  Valparaiso,  and 
there  stated  to  be  probably 
distinct  from  the  true  M. 
Maffellanitms  of  the  east 
coast 

2.  Venos  oostellata,  Sowb.  *ZooL 

Proc/ 

3.  Pecten  purpuratos.  Lam. 

4.  Chama,  probably  echinulata, 

Brod. 

5.  Calyptraea  Byronensis,  Gray. 
6. radians    (Trochus, 

Lam.). 


7.  Fissnrella  affinis,  Gny. 

8. biradiata,  Trembly. 

9.  Purpura  chocolatta,  Duclos. 
10. Peruviana,  Gray. 

1 1.  labiata.  Gray. 

12.  buxea(Murex,Brod.). 

13.  Concholepas  Peruviana. 

14.  Nassa,  related  to  reticulata. 

15.  Triton  rudis,  Brod. 

16.  Trochus,  not  yet  described, 

but  well  known  and  very 
common. 
17  and  18.  Balanus,  two  spedes, 
both  common  on  the  coast. 


These  upraised  shells  appear  to  be  nearly  in  the 
same  proportional  numbers — with  the  exception  of 
the  Crepidalae  being  more  numerous — with  those  on 
the  existing  beach.  The  state  of  preservation  of  the 
different  species  differed  much  ;  but  most  of  them  were 
much  corroded,  brittle,  and  bleached:  the  upper  and 
lower  surfaces  of  the  Concholepas  had  generally  quite 
scaled  off:  some  of  the  Trochi  and  Fissurellae  still 
partially  retain  their  colours.  It  is  remarkable  that 
these  shells,  taken  all  together,  have  fully  as  ancient  an 
appearance,  although  the  extremely  arid  climate  appears 
highly  favourable  for  their  preservation,  as  those  from 
1,300  feet  at  Valparaiso,  and  certainly  a  more  ancient  ap- 
pearance than  these  from  500  to  600  feet  from  Valparaiso 
and  Concepcicn :  at  which  places  1  have  seen  grass  and 
other  vegetables  actually  growing  out  of  the  shells. 
Many  of  the  univalves  here  at  San  Lorenzo  were  filled 
and  united  together  by  pure  salt,  probably  left  by  the 
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The  very  low  land  surroanding  the  town  of  Callao, 
is  to  the  south  joined  by  an  obscure  escarpment  to  a 
higher  plain  (south  of  Bella  Vista),  which  stretches 
along  the  coast  for  a  length  of  about  eight  miles.  This 
plain  appears  to  the  eye  quite  level ;  but  the  sea-clifis 
show  that  its  height  varies  (as  far  as  I  could  estimate) 
&om  70  to  120  feet.  It  is  composed  of  thin,  sometimes 
waving,  beds  of  clay,  often  of  bright  red  and  yellow 
colours,  of  layers  of  impure  sand,  and  in  one  part  with 
a  great  stratified  mass  of  granitic  pebbles.  These  beds 
are  capped  by  a  remarkable  mass,  varying  from  two  to 
six  feet  in  thickness,  of  reddish  loam  or  mud,  containing 
many  scattered  and  broken  fragments  of  recent  marine 
shells,  sometimes  though  rarely  single  large  round 
pebbles,  more  frequently  short  irregular  layers  of  fine 
gravel,  and  very  many  pieces  of  red  coarse  earthenware, 
which  from  their  curvatures  must  once  have  formed 
parts  of  large  vessels.  The  earthenware  is  of  Indian 
manufacture ;  and  I  found  exactly  similar  pieces  acci- 
dentally included  within  the  bricks,  of  which  the  neigh- 
bouring ancient  Peruvian  burial-mounds  are  built. 
These  fragments  abounded  in  such  numbers  in  certain 
spots,  that  it  appeared  as  if  waggon- loads  of  earthen- 
ware had  been  smashed  to  pieces.  The  broken  sea- 
shells  and  pottery  are  strewed  both  on  the  suiface,  and 
throughout  the  whole  thickness  of  this  upper  loamy 
mass.  I  found  them  wherever  I  examined  the  cliffs, 
for  a  space  of  between  two  and  three  miles,  and  for 
half  a  mile  inland ;  and  there  can  be  little  doubt  that 
this  same  bed  extends  with  a  smooth  surface  several 
miles  further  over  the  entire  plain.  Besides  the  little 
included  irregular  layers  of  small  pebbles,  there  are 
occasionally  very  obscure  traces  of  stratification. 

At  one  of  the  highest  parts  of  the  cliff,  estimated 
120  feet  above  the  sea,  where  a  little  ravine  came  down, 
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there  were  two  Bections,  at  right  angles  to  each  other, 
of  the  floor  of  a  shed  or  bailding.  In  both  sections  or 
faces,  two  rows,  one  over  the  other,  of  large  ronnd  stones 
could  be  distinctly  seen;  they  were  packed  dose  to- 
gether on  an  artificial  layer  of  sand  two  inches  thick, 
which  had  been  placed  on  the  natural  day-beds;  the 
ronnd  stones  were  covered  by  three  feet  in  thickness  of 
the  loam  with  broken  sea-shells  and  pottery.  Hence, 
before  this  widely  spread-ont  bed  of  loam  was  deposited, 
it  is  certain  that  the  plain  was  inhabited;  and  it  is 
probable,  from  the  broken  vessels  being  so  mnch  more 
abandant  in  certain  spots  than  in  others,  and  from  the 
underlying  day  being  fitted  for  their  manofactore,  that 
the  kilns  stood  here. 

The  smoothness  and  wide  extent  of  the  plain,  the 
bulk  of  matter  deposited,  and  the  obscnre  traces  of 
stratification  seem  to  indicate  that  the  loam  was  de^ 
posited  under  water;  on  the  other  hand,  the  presence 
of  sea-shells,  their  broken  state,  the  pebbles  of  various 
sizes,  and  the  artificial  floor  of  round  stones,  almost 
prove  that  it  must  have  originated  in  a  rush  of  wat^ 
from  the  sea  over  the  land.  The  height  of  the  plain, 
namely,  120  feet,  renders  it  improbable  that  an  earths 
quake-wave,  vast  as  some  have  here  been,  could  have 
broken  over  the  surface  at  its  present  level ;  but  when 
the  land  stood  eighty-five  feet  lower,  at  the  period  when 
the  shells  were  thrown  up  on  the  ledge  at  S.  Lorenzo, 
and  when  as  we  know  man  inhabited  this  district,  such 
an  event  might  well  have  occurred ;  and  if  we  may  fur- 
ther suppose,  that  the  plain  was  at  that  time  converted 
into  a  temporary  lake,  as  actually  occurred,  during  the 
earthquakes  of  1713  and  174G,  in  the  case  of  the  low 
land  round  Callao  owing  to  its  being  encircled  by  a 
high  shingle-beach,  all  the  appearances  above  described 
will  be  perfectly  explained.     I  must  add,  that  at  h 
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lower  level  near  the  point  where  the  present  low  land 
round  Callao  joins  the  higher  plain,  there  are  appear- 
ancei^  of  two  distinct  deposits  both  apparently  formed 
by  debacles:  in  the  upper  one,  a  horee's  tooth  and  a 
dog's  jaw  were  embedded ;  so  that  both  must  have  been 
formed  after  the  settlement  of  the  Spaniards :  accord- 
ing to  Acosta,  the  earthquake-wave  of  1586  rose  eighty- 
four  feet. 

The  inhabitants  of  Callao  do  not  believe,  as  far  as  I 
could  ascertain,  that  any  change  in  level  is  now  in  pro- 
gress. The  great  fragments  of  brickwork,  which  it  is 
asserted  can  be  seen  at  the  bottom  of  the  sea,  and  which 
have  been  adduced  as  a  proof  of  a  late  subsidence,  are, 
as  I  am  informed  by  Mr.  Gill,  a  resident  engineer, 
loose  fragments;  this  is  probable,  for  I  found  on  the 
beach,  and  not  near  the  remains  of  any  building,  masses 
of  brickwork,  three  and  four  feet  square,  which  had 
been  washed  iuto  their  present  places,  and  smoothed 
over  with  shingle  during  the  earthquake  of  1746.  The 
spit  of  land,  on  which  the  ruins  of  Oli  Callao  stand,  is 
so  extremely  low  and  narrow,  that  it  is  improbable  in 
the  highest  degree  that  a  town  should  have  been  founded 
on  it  in  its  present  state ;  and  I  have  lately  heard '  that 
M.  Tschudi  has  come  to  the  conclusion,  from  a  com- 
parison of  old  with  modem  charts,  that  the  coast  both 
south  and  north  of  Callao  has  subsided.  I  have  shown 
that  the  island  of  San  Lorenzo  has  been  upraised  eighty- 
five  feet  since  the  Peruvians  inhabited  this  country; 
and  whatever  may  have  been  the  amount  of  recent  sub- 
sidence, by  so  much  more  must  the  elevation  have  ex- 
ceeded the  eighty-five  feet.     In  several  places'  in  this 

*  I  am  indebted  for  this  fact  to  Dr.  E.  DieiTenbach.  I  may  add 
that  there  is  a  tradition,  that  the  islands  of  i!>an  Lorenzo  and  Fronton 
were  once  joined,  and  that  the  channel  between  S.  Lorenzo  and  the 
mainland,  now  above  two  miles  in  width,  was  so  narrow  that  cattle 
used  to  swim  over. 

'  *  Observaciones  sobre  el  Clima  del  Lima,*  par  Dr.  H.  Unaniie, 
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neighbourhood,  marks  of  sea-action  have  been  observed : 
Ulloa  gives  a  detailed  account  of  such  appearances  at  a 
point  five  leagues  northward  of  Callao :  Mr.  Cruikshank 
found  near  Lima  successive  lines  of  sea-cliHs,  with 
rounded  blocks  at  their  bases,  at  a  height  of  700  feet 
above  the  present  level  of  the  sea. 

On,    the  Decay    of   upraised    Sea-Shells. — ^I    have 
stated  that  many  of  the  shells  on  the  lower  inclined 
ledge  or  terrace  of  San  Lorenzo  are  corroded  in  a  pecu- 
liar manner,  and  that  they  have  a  much  more  ancient 
appearance  than  the  same  species  at  considerably  greater 
heights  on  the  coast  of  Chile.     I  have,  also,  stated  that 
these  shells  in  the  upper  part  of  the  ledge,  at  the  height 
of  eighty-five  feet  above  the   sea,  are  falling,  and  in 
some  parts  are  quite  changed  into  a  fine,  soft,  saline,  cal- 
careous powder.    The  finest  part  of  this  powder  has  been 
analysed  for  me,  at  the  request  of  Sir  H.  De  la  Beche, 
by  the  kindness  of  Mr.  Trenham  Reeks  of  the  Museum 
of  Economic  Geology ;  it  consists  of  carbonate  of  lime 
in  abundance,  of  sulphate  and  muriate  of  lime,  and  of 
muriate  and  sulphate  of  soda.     The  carbonate  of  lime 
is  obviously  derived  from  the  shells ;  and  common  salt 
is   so  abundant  in  parts  of  the  bed,  that,  as  before 
remarked,  the  univalves  are  often  filled  with  it.     The 
sulphate  of  lime  may  have  been  derived,  as  has  probably 
the  common  salt,  from  the  evaporation  of  the  sea-spray, 
during  the  emergence  of  the  land ;  for  sulphate  of  lime 
is  now  copiously  deposited  from  the  spray  on  the  shores 
of  Ascension.^     The  other  saline  bodies  may  perhaps 
have  been  partially  thus  derived,  but  chiefly,  as  I  con- 
clude from  the  following  facts,  through  a  different 
means. 

p.  4.— Ulloa*8  •  Voyage/  vol.  ii  *  Kng.  Trans.'  p.  97.— For  Mr.  Craik- 
sbank^B  observations,  see  Mr.  LyeU's  *  Principles  of  G^aology'  (Ut 
edit.),  vol.  iii.  p.  1 30. 

*  See  my  discussion  on  a  calcareous  mcmstation  in  Chapter  III. 
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On  most  parts  of  the  second  ledge  or  old  sea-beach, 
at  a  height  of  170  feet,  there  is  a  layer  of  white  powder 
of  variable  thickness,  as  much  in  some  parts  as  two 
inches,  lying  on  the  angular,  salt-cemented  fragments 
of  sandstone  and  under  about  four  inches  of  earth,  which 
powder,  from  its  close  resemblance  in  nature  to  the 
upper  and  most  decayed  parts  of  the  shelly  mass,  I  can 
hardly  doubt  originally  existed  as  a  bed  of  shells,  now 
much  collapsed  and  quite  disintegrated.  I  could  not 
discover  with  the  microscope  a  trace  of  organic  structure 
in  it ;  but  its  chemical  constituents,  according  to  Mr. 
Reeks,  are  the  same  as  in  the  powder  extracted  from 
amongst  the  decaying  shells  on  the  lower  ledge,  with 
the  marked  exception  that  the  carbonate  of  lime  is 
present  in  only  very  small  quantity.  On  the  third  and 
highest  ledge,  I  observed  some  of  this  powder  in  a 
similar  position,  and  likewise  occasionally  in  small 
patches  at  considerably  greater  heights  near  the  summit 
of  the  island.  At  Iquique,  where  the  whole  face  of  the 
country  is  covered  by  a  highly  saliferous  alluvium,  and 
where  the  climate  is  extremely  dry,  we  have  seen  that, 
accoixling  to  Mr.  Blake,  the  shells  which  are  perfect 
near  the  beach  become,  in  ascending,  gradually  less 
and  less  perfect,  until  scarcely  a  trace  of  their  original 
structure  can  be  discovered.  It  is  known  that  car- 
bonate of  lime  and  common  salt  left  in  a  mass  together,' 
and  slightly  moistened,  partially  decompose  each  other : 
now  we  have  at  San  Lorenzo  and  at  Iquique,  in  the 
shells  and  salt  packed  together,  and  occasionally  mois- 

*  I  am  informed  by  Dr.  Kane,  throngh  Mr.  Reeks,  that  a  manu- 
factory was  established  on  this  principle  in  France,  bat  failed  from 
the  small  quantity  of  carbonate  of  soda  prodaoed.  Spreogel 
(*Qardeners*  Chron/  1845,  p.  157)  states,  that  salt  and  carbonate  of 
lime  are  liable  to  mutual  decomposition  in  the  soil.  8ir  H.  De  la 
Beche  informs  me,  that  calcareous  rocks,  washed  by  the  spray  of  the 
sea,  are  often  corroded  in  a  peculiar  manner ;  see  also  on  this  latter 
•object  'Chirdenen*  Chron.'  p.  675»  1844. 
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tened  by  the  so-called  Peruvian  dew,  the  proper  elements 
for  this  action.  We  can  thus  understand  the  peculiar 
corroded  appearance  of  the  shells  on  San  Lorenzo,  and 
the  great  decrease  of  quantity  in  the  carbonate  of  lime 
in  the  powder  on  the  upper  ledge.  There  is,  however, 
a  great  difficulty  on  this  view,  for  the  resultant  salts 
should  be  carbonate  of  soda  and  muriate  of  lime ;  the 
latter  is  present,  but  not  the  carbonate  of  soda.  Hence 
I  am  led  to  the  perhaps  unauthorised  conjecture  (which 
I  shall  hereafter  have  to  refer  to)  that  the  carbonate  of 
soda,  by  some  unexplained  means,  becomes  converted 
into  a  sulphate. 

If  the  above  remarks  be  just,  we  are  led  to  the  very 
unexpected  conclusion,  that  a  dry  climate,  by  leaving 
the  salt  from  the  sea-spray  undissolved,  is  much  less 
favourable  to  the  preservation  of  upraised  shells  than 
a  humid  climate.  However  this  may  be,  it  is  interest- 
ing to  know  the  manner  in  which  masses  of  shells, 
gradually  upraised  above  the  sea-level,  decay  and  finally 
disappear. 

Summary  on  the  recent  Elevation  of  ilie  West 
Coast  of  South  America, — We  have  seen  that  upraised 
marine  remains  occur  at  intervals,  and  in  some  parts 
almost  continuously,  from  lat.  45°  35'  to  12°  S.,  along 
the  shores  of  the  Pacific.  This  is  a  distance,  in  a  north 
and  south  line,  of  2,075  geographical  miles.  From 
Byron's  observations,  the  elevation  has  no  doubt  extended 
sixty  miles  farther  south;  and  from  the  similarity  in 
the  form  of  the  country  near  Lima,  it  has  probably 
extended  many  leagues  farther  north.*  Along  this 
great  line  of  coast,  besides  the  organic  remains,  there 
are  in  very  many  parts,  marks  of  erosion,  caves,  ancient 

*  I  may  take  this  opportanity  of  stating  that  in  a  MS.  in  the 
Oeological  Soc.  by  Mr.  Weaver,  it  is  stated  that  beds  of  oysters  and 
other  recent  shells  are  found  tbiity  feet  above  the  level  of  the  sea, 
in  many  parts  of  Tampico,  in  the  Gulf  of  Mexico. 

10 


276   '       Recent  E/evafory  Movements,     paetil 

beaches,  sand-dunes,  and  successive  terraces  of  gravel, 
all  above  the  present  level  of  the  sea.  Fi*om  the  steep- 
ness of  the  land  on  this  side  of  the  continent,  shells 
have  rarely  been  found  at  greater  distances  inland  than 
from  two  to  three  leagues ;  but  the  marks  of  sea-action 
are  evident  farther  from  the  coast ;  for  instance,  in  the 
valley  of  Guasco,  at  a  distance  of  between  thirty  and 
forty  miles.  Judging  from  the  upraised  shells  alone, 
the  elevation  in  Chiloe  has  been  350  feet,  at  Concepcion 
certainly  625  feet,  and  by  estimation  1,000  feet;  at 
Valparaiso  1,300  feet;  at  Coquimbo  252  feet;  north- 
ward of  this  place,  sea-shells  have  not,  I  believe,  been 
found  above  300  feet;  and  at  Lima  they  were  falling 
into  decay  (hastened  probably  by  the  salt)  at  eighty-five 
feet.  Not  only  has  this  amount  of  elevation  taken 
place  within  the  period  of  existing  Molluscs  and  Cir- 
ri pedes;  but  their  proportional  numbers  in  the  neigh- 
bouring sea  have  in  most  cases  remained  the  same. 
Near  Lima,  howeVer,  a  small  change  in  this  respect 
between  the  living  and  the  upraised  was  observed :  at 
Coquimbo  this  was  more  evident,  all  the  shells  being 
existing  species,  but  with  those  embedded  in  the  upper- 
most calcareous  plain  not  approximating  so  closely  in 
proportional  numbers,  as  do  those  that  lie  loose  on  its 
surface  at  the  height  of  252  feet,  and  still  less  closely 
than  those  which  are  strewed  on  the  lower  plains,  which 
latter  are  identical  in  proportional  numbers  with  those 
now  cast  up  on  the  beach.  From  this  circumstance, 
and  from  not  finding,  upon  careful  examination,  near 
Coquimbo  any  shells  at  a  greater  height  than  252  feet, 
I  believe  that  the  recent  elevation  there  has  been  much 
less  than  at  Valparaiso,  where  it  has  been  1,300  feet, 
and  I  may  add,  than  at  Concepcion.  This  considerable 
inequality  in  the  amonnt  of  elevation  at  Coquimbo  and 
Valparaiso,  places  only  200  miles  apart,  is  not  im« 
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probable,  oonsidpring,  first,  the  difference  in  the  foroe 
and  number  of  the  shocks  now  yearly  affecting  different 
parts  of  this  coast ;  and,  secondly,  the  fact  of  single 
areas,  snch  as  that  of  the  province  of  Conoepcion,  having 
been  uplifted  very  nneqaally  during  the  same  earth- 
qiiakeu  It  would,  in  most  cases,  be  very  hazardous  to 
infer  an  inequality  of  elevation,  from  shells  being  found 
on  the  surface  or  in  superficial  beds  at  different  heights; 
for  we  do  not  know  on  what  their  rate  of  decay  depends ; 
and  at  Coquimbo  one  instance  out  of  many  has  been 
given,  of  a  promontory,  which,  from  the  occurrence  of 
one  very  small  collection  of  lime-cemented  shells,  has 
indisputably  been  elevated  242  feet,  and  yet  on  which, 
not  even  a  fragment  of  shell  could  be  found  on  careful 
examination  between  this  height  and  the  beach,  although 
many  sites  appeared  very  favourable  for  the  preservaticm 
of  organic  remains :  the  absence,  also,  of  shells  on  the 
gravel-terraces  a  short  distance  up  the  valley  of  Co- 
quimbo, though  abundant  on  the  corresponding  terraces 
at  its  mouth,  should  be  borne  in  mind. 

There  are  other  epochs,  besides  that  of  the  existence 
of  recent  Mollusca,  by  which  to  judge  of  the  changes 
of  level  on  this  coast.  At  Lima,  as  we  have  just  seen, 
the  elevation  has  been  at  least  eighty-five  feet,  within 
the  Indo-human  period ;  and  since  the  arrival  of  the 
Spaniards  in  1530,  there  has  apparently  been  a  sinking 
of  the  sur&ce.  At  Valparaiso,  in  the  course  of  220 
years,  the  rise  must  have  been  less  than  nineteen  feet ; 
but  it  has  been  as  much  as  from  ten  to  eleven  feet  in 
the  seventeen  years  subsequently  to  1817,  and  of  this 
rise  only  a  part  can  be  attributed  to  the  earthquake 
of  1822,  the  remainder  having  been  insensible  and 
apparently  stUl,  in  1834,  in  progress.  At  Chiloe  the 
elevation  has  been  gradual,  and  about  four  feet  during 
four  years.     At  Coquimbo,  also,  it  has  been   gradual, 
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and  in  the  course  of  150  years  has  amounted  to  several 
feet.  The  sudden  small  upheavals,  accompanied  by 
earthquakes,  as  in  1822  at  Valparaiso,  in  1835  at  Con- 
cepcion,  and  in  1837  in  the  Chonos  Archipelago,  are 
familiar  to  most  geologists,  but  the  gradual  rising  of 
the  coast  of  Chile  has  been  hardly  noticed ;  it  is,  how- 
ever, very  important,  as  connecting  together  these  two 
orders  of  events. 

The  rise  of  Lima,  having  been  eighty-five  feet  within 
the  period  of  man,  is  the  more  surprising  if  we  refer  to 
the  eastern  coast  of  the  continent,  for  at  Port  S.  Julian, 
in  Patagonia,  there  is  good  evidence  (as  we  shall  here- 
after see)  that  when  the  land  stood  ninety  feet  lower, 
the  Macrauchenia,  a  mammiferous  beast,  was  alive ; 
and  at  Bahia  Blanca,  when  it  steed  only  a  few  feet 
lower  than  it  now  does,  many  gigantic  quadrupeds 
ranged  over  the  adjoining  country.  But  the  coast  of 
Patagonia  is  some  way  distant  fronc  the  Cordillera,  and 
the  movement  at  Bahia  Blanca  is  perhaps  no  ways 
connected  with  this  great  range,  but  rather  with  the 
tertiary  volcanic  rocks  of  Banda  Oriental,  and  therefore 
the  elevation  at  these  places  may  have  been  infinitely 
slower  than  on  the  coast  of  Peru.  All  such  speculations, 
however,  must  be  vague,  for  as  we  know  with  certainty 
that  the  elevation  of  the  whole  coast  of  Patagonia  has 
been  interrupted  by  many  and  long  paases,  who  will 
pretend  to  say  that,  in  such  cases,  many  and  long  periods 
of  subsidence  mav  not  also  have  been  intercalated  ? 

In  many  parts  of  the  coast  of  Chile  and  Peni  there 
are  marks  of  the  action  of  the  sea  at  successive  heights 
on  the  land,  showing  that  the  elevation  has  been  inter- 
rupted by  periods  of  comparative  rest  in  the  upward 
movement,  and  of  denudation  in  the  action  of  the  sea. 
These  are  plainest  at  Chiloe,  where,  in  a  height  of  about 
500  feet,  there  are  three  escarpments, — at  Coquimbo, 
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where,  in  a  height  of  364  feet,  there  are  five, — ^at  Gaasoo, 
where  there  are  six,  of  which  fix^  may  periiaps  cor- 
respond with  those  at  Coquimbo,  bnt  if  eo,  the  subse- 
quent  and  interveniDg  elevatoiy  movements  have  been 
here  much  more  energetic, — at  Lima,  where,  in  a  height 
of  abont  250  feet,  there  are  three  terraces,  and  others, 
as  it  is  asserted,  at  considerably  greater  heights.  The 
almost  entire  absence  of  ancient  marks  of  sea-action  at 
defined  levels  along  considerable  spaces  of  coast,  as  near 
Valparaiso  and  Concepcion,  is  highly  instructive,  for  as 
it  is  improbable  that  the  elevation  at  these  places  alone 
shonld  have  been  continnous,  we  mnst  attribute  the 
absence  of  snch  marks  to  the  nature  and  form  of  the 
coastr-rocks.  Seeing  over  how  many  hmidred  miles  of 
the  coast  of  Patagonia,  and  on  how  many  places  on  the 
shores  of  the  Pacific,  the  elevatory  process  has  been 
interrupted  by  periods  of  comparative  rest,  we  may 
conclude,  conjointly  with  the  evidence  drawn  from 
other  quarters  of  the  world,  that  the  elevation  of  the 
land  is  generally  an  intermittent  action.  From  the 
quantity  of  matter  removed  in  the  formation  of  the 
escarpments,  especially  of  those  of  Patagonia,  it  appears 
that  the  periods  of  rest  in  the  movement,  and  of  denn* 
dation  of  the  land,  have  generally  been  very  long.  In 
Patagonia,  we  have  seen  that  the  elevation  has  been 
equable,  and  the  periods  of  denudation  synchronous 
over  very  wide  spaces  of  coast ;  on  the  shores  of  the 
Pacific,  owing  to  the  terraces  chiefly  occurring  in  the 
valleys,  we  have  not  equal  means  of  judging  on  this 
point ;  and  the  very  difierent  heights  of  the  upraised 
shells  at  Coquimbo,  Valparaiso,  and  Concepcion  seem 
directly  opposed  to  such  a  conclusion. 

Whether  on  this  side  of  the  continent  the  elevation, 
between  the  periods  of  comparative  rest  when  the 
escarpments  were  formed,  has  been  by  small  sudden 
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starts,  such  as  those  aocompanyiDg  recent  earthquakes, 
or,  as  is  most  probable,  by  such  starts  conjointly  with  a 
gradual  upward  movement,  or  by  great  aud  sudden 
upheavals,  I  have  no  direct  evidence.  But  as  on  the 
eastern  coast,  I  was  led  to  think,  from  the  analogy  of 
the  last  hundred  feet  of  elevation  in  La  Plata,  and  from 
the  nearly  equal  size  of  the  pebbles  over  the  entire 
width  of  the  terraces,  and  from  the  upraised  shells 
being  all  littoral  species,  that  the  elevation  had  been 
gradual ;  so  do  I  on  this  western  coast,  from  the  analogy 
of  the  movements  now  in  progress,  and  from  the  vast 
numbers  of  shells  now  living  exclusively  on  or  close  to 
the  beach,  which  are  strewed  over  the  whole  surface  of 
the  land  up  to  very  considerable  heights,  conclude,  that 
the  movement  here  also  has  been  slow  and  gradual, 
aided  probably  by  small  occasional  starts.  We  know 
at  least  that  »t  Coquimbo,  where  five  escarpments  occur 
in  a  height  of  364  feet,  that  the  successive  elevations, 
if  they  have  been  sudden,  cannot  have  been  very  great. 
It  has,  I  think,  been  shown  that  the  occasional  preserva- 
tion of  shells,  unrolled  and  unbroken,  is  not  improbable 
even  during  a  quite  gradual  rising  of  the  land;  and 
their  preservation,  if  the  movement  has  been  aided  by 
small  starts,  is  quite  conformable  with  what  actually 
takes  place  during  recent  earthquakes. 

Judging  from  the  present  action  of  the  sea,  along 
the  shores  of  the  Pacific,  on  the  deposits  of  its  own 
accumulation,  the  present  time  seems  in  most  places  to 
be  one  of  comparative  rest  in  the  elevatory  movement, 
and  of  denudation  of  the  land.  Undoubtedly  this  is 
the  case  along  the  whole  great  length  of  Patagonia. 
At  Chiloe,  however,  we  have  seen  that  a  narrow  sloping 
fringe,  covered  with  vegetation,  separates  the  present 
sea-beach  from  a  line  of  low  cli£&,  which  the  waves 
lately  reached;    here,  then,  the   land   is  gaining    in 
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breadth  and  height,  and  the  present  period  is  not  one 
of  rest  in  the  elevation  and  of  contingent  denudation ; 
bat  if  the  rising  be  not  prolonged  at  a  quick  rate,  there 
is  eveiy  probability  that  the  sea  will  soon  regain  its 
former  horizontal  limits.  I  observed  similar  low  slop- 
ing fringes  on  several  parts  of  the  coast,  both  northward 
of  Valparaiso  and  near  Coqnimbo;  but  at  this  latter 
place,  from  the  change  in  form  which  the  coast  has 
undergone  since  the  old  escarpments  were  worn,  it  may 
be  doubted  whether  the  sea,  acting  for  any  length  of 
time  at  its  present  level,  would  eat  into  the  land  ;  for 
it  now  rather  tends  to  throw  up  great  masses  of  sand. 
It  is  from  facts  such  as  these  that  I  have  generally  used 
the  term  comparative  rest^  as  applied  to  the  elevation 
of  the  land;  the  rest  or  cessation  in  the  movement 
being  comparative  both  with  what  has  preceded  it  and 
followed  it,  and  with  the  sea's  power  of  corrosion  at 
each  spot  and  at  each  level.  Near  Lima,  the  cliff- 
formed  shores  of  San  Lorenzo,  and  on  the  mainland 
south  of  Caliao,  show  that  the  sea  is  gaining  on  the 
land ;  and  as  we  have  here  some  evidence  that  its 
surface  has  lately  subsided  or  is  still  sinking,  the  periods 
of  comparative  rest  in  the  elevation  and  of  contingent 
denudation,  may  probably  in  many  cases  include  periods 
of  subsidence.  It  is  only,  as  was  shown  in  detail  when 
discussing  the  terraces  of  Coquimbo,  when  the  sea  with 
difficulty  and  after  a  long  lapse  of  time  has  either 
corroded  a  narrow  ledge  into  solid  rock,  or  has  heaped 
up  on  a  steep  surface  a  narrow  mound  of  detritus,  that 
we  can  confidently  assert  that  the  land  at  that  level  and 
at  that  period  long  remained  absolutely  stationary.  In 
the  case  of  terraces  formed  of  gravel  or  sand,  although 
the  elevation  may  have  been  strictly  horizontal,  it  may 
well  happen  that  no  one  level  beach-line  may  be  trace- 
able, and  that  neither  the  terraces  themselves  nor  the 
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summit  nor  basal  edges  of  their  escarpments  may  be 
horizontal. 

FinaUy,  comparing  the  extent  of  the  elevated  area, 
as  deduced  from  the  upraised  recent  organic  remains, 
on  the  two  sides  of  the  continent,  we  have  seen  that  on 
the  Atlantic,  shells  have  been  found  at  intervals  from 
eastern  Tierra  del  Fuego  for  1,180  miles  northward, 
and  on  the  Pacific  for  a  space  of  2,075  miles.  For  a 
length  of  775  miles,  they  occur  in  the  same  latitudes 
on  both  sides  of  the  continent.  Without  taking  this 
circumstance  into  consideration,  it  is  probable  from 
the  reasons  assigned  in  the  last  chapter,  that  the  entire 
breadth  of  the  continent  in  Central  Patagonia  has  been 
uplifted  in  mass ;  but  from  other  reasons  there  given,  it 
would  be  hazardous  to  extend  this  conclusion  to  La 
Plata.  From  the  continent  being  narrow  in  the  south- 
ernmost parts  of  Patagonia,  and  from  the  shells  found 
at  the  Inner  Narrows  of  the  Strait  of  Magellan,  and 
likewise  far  up  the  valley  of  the  S.  Cruz,  it  is  probable 
that  the  southern  part  of  the  western  coast,  which  was 
not  visited  by  me,  has  been  elevated  within  the  period 
of  recent  Mollusca :  if  so,  the  shores  of  the  Pacific 
have  been  continuously,  recently,  and  in  a  geological 
sense  synchronously  upraised,  from  Lima  for  a  height  of 
2,480  nautical  miles  southward, — ^a  distance  equal  to  that 
from  the  Bed  Sea  to  the  North  Cape  of  Scandinavia  I 
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CHAPTER  X. 

ON  THE  PLAINS  AND  VALLEYS  OF  CHILE: — SALIFER0U8 

80PERFICIAL  DEPOSITS. 

Sasin-lihe  jflaint  of  Chile ;  thwr  thrainage^  their  marine  origin — 
Marks  of  s*  a-action  on  the  eastern  ffa/nhs  of  the  Cordillera — Sloping 
terrace-like  fringes  of  stratified  shingle  ndthin  the  valleys  of  the 
Cordillera;  their  marine  origin — Bovlders  in  the  valley  of  the 
Cachapual — Horizontal  elevation  of  the  Cordilltra — Formation  of 
valleys — Boulders  moved  by  earth qvake-ware* — Saline  superficial 
deposits — Bed  tf  nitrate  of  soda  at  Iquiqve — Saline  incrustations — 
Salt  lakes  ef  La  Plata  Ornd  Patagonia :  purity  of  the  salt ;  its  origin. 

The  space  between  the  Cordillera  and  the  coast  of  Chile  is 
on  a  rude  average  from  eighty  to  above  one  hundred 
miles  in  width ;  it  is  formed,  either  of  an  almost 
continuous  mass  of  mountains,  or  more  commonly  of 
several  nearly  parallel  ranges,  separated  by  plains ;  in 
the  more  southern  parts  of  this  province  the  mountains 
are  quite  subordinate  to  the  plains;  in  the  northern 
part  the  mountains  predominate. 

The  basin-like  plains  at  the  foot  of  the  Cordillera 
are  in  several  respects  remarkable ;  that  on  which  the 
capital  of  Chile  stands  is  fifteen  miles  in  width,  in  an 
east  and  west  line,  and  of  much  greater  length  in  a 
north  and  south  line ;  it  stands  1,750  feet  above  the  sea; 
its  surface  appears  smooth,  but  really  falls  and  rises 
in  wide  gentle  undulations,  the  hollows  corresponding 
with  the  main  valleys  of  the  Cordillera :  the  striking 
maimer  in  which  it  abruptly  comes  up  to  the  foot  of 
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this  great  range  has  been  remarked  by  every  author  ^ 
since  the  time  of  Molina.  Near  the  Cordillera  it  is 
composed  of  a  stratified  mass  of  pebbles  of  all  sizes, 
occasionally  including  rounded  boulders:  near  its 
western  boundary,  it  consists  of  reddish  sandy  clay, 
containing  some  pebbles  and  numerous  fragments  of 
pumice,  and  sometimes  passes  into  pure  sand  or  into 
volcanic  ashes.  At  Podaguel,  on  this  western  side  of 
the  plain,  beds  of  sand  are  capped  by  a  calcareous 
tuff,  the  uppermost  layers  being  generally  hard  and 
substalagmitic,  and  the  lower  ones  white  and  friable, 
both  together  precisely  resembling  the  beds  at  Co- 
quimbo,  which  contain  recent  marine  shells.  Abrupt, 
but  rounded,  hummocks  of  rock  rise  out  of  this  plain : 
those  of  Sta.  Lucia  and  S.  Cristoval  are  formed  of 
greenstone-porphyry  almost  entirely  denuded  of  its 
original  covering  of  porphyritic  claystone  breccia;  on 
their  summits,  many  fragments  of  rock  (some  of  them 
kinds  not  found  in  situ)  are  coated  and  united  together 
by  a  white,  friable,  calcareous  tuff,  like  that  found  at 
Podaguel.  When  this  matter  was  deposited  on  the 
summit  of  8.  Cristoval,  the  water  must  have  stood 
946  feet '  above  the  surface  of  the  surrounding  plain. 

To  the  south  this   basin-like  plain  contracts,  and 
rising   scarcely   perceptibly    with    a    smooth    surface* 

>  This  plain  is  partially  separated  into  two  basins  by  a  range  of 
bills ;  the  southern  half,  according  to  Meyen  ('  Reise  am  Erde/  Th.  i. 
8. 274),  falls  in  height,  by  an  abrupt  step,  of  between  fifteen  and  twenty 
feet. 

*  Or  2,690  feet  above  the  sea,  as  measured  barometricaUy  by  Mr. 
Eck.  This  tuff  appears  to  the  eye  nearly  pure ;  but  when  placed  in 
acid  it  leaves  a  considerable  residue  of  sand  and  broken  crystals, 
apparently  of  feldspar.  Dr.  Meyen  (*  Reise,'  Th.  i.  s.  269)  says,  he 
found  a  similar  salwtance  on  the  neighbouring  hill  of  Dominico  (and 
I  found  it  also  on  the  Cerro  Blanco),  and  he  attributes  it  to  the 
weathering  of  the  stone.  In  some  places  which  1  examined,  its  bulk 
put  this  view  of  its  origin  quite  out  of  question ;  and  I  should  much 
doubt  whether  the  decomposition  of  a  porphyry  would,  in  any  case, 
leave  a  crust  chiefly  composed  of  carbonate  of  lime.  The  white 
crust,  which  is  commonly  seen  00  weathered  feldspathic  rocks, 
does  not  appear  to  contain  any  free  carbonate  of  lime. 
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passes  tlirougli  a  TemarkiAle  lerel  gap  in  the  moim- 
tains,  forming  a  trae  land-strait,  and  called  the  A  ngostnra. 
It  then  immediately  expands  into  a  seocmd  basLn-formed 
plain :  this  again  to  the  south,  oontracts  into  another 
land-strait,  and  expands  into  a  thiid  basin,  which,  how- 
ever, falls  saddenly  in  level  about  forty  feet.  This  third 
basin,  to  the  south,  likewise  ocmtracts  into  a  strait,  and 
then  again  opens  into  the  great  plain  of  S.  Fernando, 
stretching  so  &r  sonth  that  the  snowy  peaks  of  the  dis- 
tant Cordillera  are  seen  rising  above  its  horizon  as  above 
the  sea.  These  plains,  near  the  Cordillera,  are  gmerally 
formed  of  a  thick  stratified  mass  <^  shingle ;  *  in  other 
parts,  of  a  red  sandy  clay,  oft«i  with  an  admixture  of  pn- 
mioeoQS  matter.  Although  these  basins  are  connected  to- 
gether like  a  necklace,  in  a  north  and  soath  line,  by  smooth 
land-straits,  the  streams  which  drain  them  do  not  ail  flow 
north  and  south,  bnt  mostly  westward,  throagh  breadies 
worn  in  the  bounding  mountains ;  and  in  the  case  of 
the  second  l^asin,  or  that  of  Bancagna,  there  are  two 
distinct  breaches.  Each  basin,  moreover,  is  not  drained 
singly :  thns,  to  give  the  most  striking  instance,  bat 
not  the  only  one,  in  proceeding  southward  over  the 
plain  of  Rancagua,  we  first  find  the  water  flowing 
northward  to  and  through  the  northern  land-strait; 
then,  without  crossing  any  marked  ridge  or  water-shed, 
we  see  it  flowing  south-westward  towards  the  northern 
(me  of  the  two  breaches  in  the  western  mountainous 
boundary ;  and  lastly,  again  without  any  ridge,  it  flows 
towards  the  southern  breach  in  these  same  mountains. 
Hence  the  surfiice  of  this  one  basin-like  plain,  appear- 
ing to  the  eye  so  level,  has  been  modeUed  with  great 
nicety,  so  that  the  drainage,  without  any  conspicuous 

'  Tbe  plain  of  S.  Fernando  has,  accoTding  to  MM.  Mejen  and 
Gar  C  Beise,*  ice  Th.  i.  sr.  »t5  and  298),  near  the  Coidilleni,  an 
upper  Bte|>-form<  d  plain  of  claj«  on  the  coirfaoe  of  which  they  found 
numeioiut  blocks  of  rocks,  trom  two  or  three  feet  long,  either  Ijing 
single  or  piled  in  heaps,  but  all  arranged  in  nearly  ^^raight  lines. 
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watersheds,  is  directed  towards  three  openings  in  the 
encircling  mountains.*  The  streams  flowing  from  the 
three  southern  basin-like  plains,  after  pasbing  through 
the  breaches  to  the  west,  unite  and  form  the  river 
Rapel,  which  enters  the  Pacific  near  Navidad.  I 
followed  the  southernmost  branch  of  this  river,  and 
found  that  the  basin  or  plain  of  S.  Fernando  is  con- 
tinuously and  smoothly  united  with  those  plains, 
which  were  described  in  the  ninth  chapter,  as  being 
worn  near  the  coast  into  successive  cave-eaten  escarp- 
ments, and  still  nearer  to  the  coast,  as  being  strewed  with 
upraised  recent  marine  remains. 

I  might  have  given  descriptions  of  numerous  other 
plains  of  the  same  general  form,  some  at  the  foot  of 
the  Cordillera,  some  near  the  coast,  and  some  half-way 
between  these  points.  I  will  allude  only  to  one  other, 
namely,  the  plain  of  Uspallata,  lying  on  the  eastern 
or  opposite  side  of  the  Cordillera,  between  that  great 
range  and  the  parallel  lower  range  of  Uspallata. 
According  to  Miers,  its  surface  is  6,000  feet  above  the 
level  of  the  sea:  it  is  from  t«n  to  fifteen  miles  in 
width,  and  is  said  to  extend  with  an  nnbroken  surface 
for  180  miles  northwards:  it  is  drained  by  two  rivers 
passing  through  breaches  in  the  mountains  to  the  east. 
On  the  banks  of  the  R.  Mendoza  it  is  seen  to  be 
composed  of  a  great  accumulation  of  stratified  shingle, 
estimated  at  400  feet  in  thickness.  In  general  appear- 
ance, and  in  nnmerons  points  of  structure,  this  plain 
closely  resembles  those  of  Chile. 

The  origin  and  manner  of  formation  of  the  thick 
beds  of  gravel,  sandy  clay,  volcanic  detritus,  and  cal- 
careous tufi*,  composing  these  basin-like  plains,  is  very 

>  It  appears  from  Capt.  Herbert's  account  of  the  Dilaviam  of  the 
Himalaya  (*  Gleanings  of  Science/  Calcatta,  vol.  ii.  p.  164),  that 
precisely  similar  remarks  apply  to  the  drainage  of  the  plains  of 
valleys  between  those  great  mountains. 
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important ;  because,  as  we  shall  presently  show,  they 
send  arms  or  fringes  far  up  the  main  valleys  of  the 
Cordillera.  Many  of  the  inhabitants  believe  that  these 
plains  were  once  occupied  by  lakes,  suddenly  drained ; 
but  I  conceive  that  the  number  of  the  separate  breaches 
at  nearly  the  same  level  in  the  mountains  surrounding 
them,  quite  precludes  this  idea.  Had  not  such  distin- 
guished naturalists  as  MM.  Meyen  and  Gay  stated 
their  belief  that  these  deposits  were  left  by  great 
debacles  rushing  down  from  the  Cordillera,  I  slicnld 
not  have  noticed  a  view,  which  appears  to  me  fiom 
many  reasons  improbable  in  the  highest  degree — 
namely,  from  the  vast  accumulation  of  well-roimded 
pebbles — their  frequent  stratification  with  layers  of 
sand — the  overlying  beds  of  calcareous  tuff — this  same 
substance  coating  and  uniting  the  fragments  of  rock 
on  the  hummocks  in  the  plain  of  Santiago — and  lastly 
even  from  the  worn,  rounded,  and  much  denuded  state 
of  these*  hummocks,  and  of  the  headlands  which  pro- 
ject from  the  surrounding  mountains.  On  the  other 
hand,  these  several  circumstances,  as  well  as  the  con- 
tinuous union  of  the  basins  at  the  foot  of  the  Cor- 
dillera, with  the  great  plain  of  the  Rio  Rapel  which 
still  retains  the  marks  of  sea-action  at  various  levels, 
and  their  general  similarity  in  form  and  composition 
with  the  many  plains  near  the  coast,  which  are  either 
similarly  marked  or  are  strewed  with  upraised  marine 
remains,  fully  convince  me  that  the  mountains  bound- 
ing these  basin-plains  were  breached,  their  islet-like 
projecting  rocks  worn,  and  the  loose  stratified  detritus 
forming  their  now  level  surfaces  deposited,  by  the  sea, 
as  the  land  slowly  emerged.  It  is  hardly  possible  to 
state  too  strongly  the  perfect  resemblance  in  outline  be- 
tween these  basin-like,  long,  and  narrow  plains  of  Chilo, 
(especially  when  in  the  early  morning  the  mists  hang- 


288  Basin-like  Plains  of  Chile.  pabt  n. 

ing  low  represented  water,)  and  the  creeks  and  fiords 
now  intersecting  the  southern  and  western  shores  of 
the  continent.  We  can  on  this  view  of  the  sea,  when 
the  land  stood  lower,  having  long  and  tranquilly 
occupied  the  spaces  between  the  mountain-ranges,  un- 
derstand how  the  boundaries  of  the  separate  basins 
were  breached  in  more  than  one  place ;  for  we  see  that 
this  is  the  general  character  of  the  inland  bays  and 
channels  of  Tierra  del  Fuego ;  we  there,  also,  see  in 
the  sawing  action  of  the  tides,  which  flow  with  great 
force  in  the  cross  channels,  a  power  sufficient  to  keep 
the  breaches  open  as  the  land  emerged.  We  can 
further  see  that  the  waves  would  naturally  leave  the 
smooth  bottom  of  each  great  bay  or  channel  as  it  be- 
came slowly  converted  into  land,  gently  inclined  to  as 
many  points  as  there  were  mouths,  through  which  the 
sea  finally  retreated,  thus  forming  so  many  water-sheds, 
without  any  marked  ridges,  on  a  nearly  level  surface. 
The  absence  of  marine  remains  in  these  high  inland 
plains  cannot  be  properly  adduced  as  an  objection  to 
their  marine  origin :  for  wo  may  conclude,  from  shells  not 
being  found  in  the  great  shingle  beds  of  Patagonia, 
though  copiously  strewed  on  their  surfaces,  and  from 
many  other  analogous  facts,  that  such  deposits  are 
eminently  unfavourable  for  the  embedment  of  such 
remains;  and  with  respect  to  shells  not  being  fomid 
strewed  on  the  surface  of  these  basin-plains,  it  was 
shown  in  the  last  chapter  that  remains  thus  exposed  in 
time  decay  and  disappear. 

1  observed  some  appearances  on  the  plains  at  the 
eastern  and  opposite  foot  of  the  Cordillera  which  are 
worth  notice,  as  showing  that  the  sea  there  long  acted 
at  nearly  the  same  level  as  on  the  basin-plains  of  Chile. 
The  mountains  on  this  eastern  side  are  exceedingly 
abrupt;    they  rise  out  of  a  smooth,   talus-like,  very 
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gentle,  slope,  from  five  to  ten  miles  in  width  (as  repre- 
sented in  the  following  diagram),  entirely  composed  of 

No.  27. 

Seotion  of  the  Plain  at  the  Eastern  Foot  of  the  Chilian  OordiUerm. 


OocdiUenk  Taliu-plain.  Level  sarfaoe,  Gravd 

8,700  feet  above  tea.  tenacen 


perfectly  rounded  pebbles,  often  white-washed  with  an 
alaminoas  snbstance  like  decomposed  feldspar.  This 
sloping  plain  or  talas  blends  into  a  perfectly  flat  space 
a  few  miles  in  width,  composed  of  reddish  impure  clay, 
with  small  calcareoas  concretions  as  in  the  Pampean 
deposit, — of  fine  white  sand  with  small  pebbles  in 
layers, — and  of  the  above-mentioned  white  aluminous 
earth,  all  interstratifled  together.  This  fiat  space  runs 
as  far  as  Mendoza,  thirty  miles  northward,  and  stands 
probably  at  about  the  same  height,  namely,  2,700  feet 
(Pentland  and  Miers)  above  the  sea.  To  the  east  it 
is  bounded  by  an  escarpment,  eighty  feet  in  height, 
running  for  many  miles  north  and  south,  and  composed 
of  perfectly  round  pebbles,  and  loose,  white-washed,  or 
embedded  in  the  alnmiaous  earth :  behind  this  escarp- 
ment there  is  a  second  and  similar  one  of  gravel. 
Northward  of  Mendoza,  these  escarpments  become 
broken  and  quite  obliterated ;  and  it  does  not  appear  that 
they  ever  enclosed  a  lake-like  area :  I  conclude,  there- 
fore, that  they  were  formed  by  the  ssa,  when  it  reached 
the  foot  of  the  Cordillera,  like  the  similar  escarpments 
occurring  at  so  many  points  on  the  coasts  of  Chile  and 
Patagonia. 

The  talus-like  plain  slopes  up  with  a  smooth 
surface  into  the  great  dry  valleys  of  the  Cordillera.  On 
each  hand  of  the  Portillo  valley,  the  mountains  are 
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solid  rock  has  been  reached,  it  has  been  cut  into  deep 
and  narrow  gorges.  Still  higher  np  the  valleys,  the 
terraces  gradually  become  more  and  more  broken, 
narrower^  and  less  thick,  until,  at  a  height  of  from 
7,000  to  9,000  feet,  they  become  lost,  and  blended  with 
the  piles  of  fallen  detritus. 

I  carefully  examined  in  many  places  the  state  of  the 
gravel,  and  almost  everywhere  found  the  pebbles  equally 
and  perfectly  rounded,  occasionally  with  great  blocks 
of  rock,  and  generally  distinctly  stratified,  often  with 
parting  seams  of  sand.  The  pebbles  were  sometimes 
coated  with  a  white  aluminous,  and  less  frequently  with 
a  calcareous,  crust.  At  great  heights  up  the  valleys, 
the  pebbles  become  less  rounded ;  and  as  the  terraces 
become  obliterated,  the  whole  mass  passes  into  the 
nature  of  ordinary  detritus.  I  was  repeatedly  struck 
with  the  great  difference  between  this  detritus  high  up 
the  valleys,  and  the  gravel  of  the  terraces  low  down, 
namely,  in  the  greater  number  of  the  quite  angular 
fragments  in  the  detritus, — in  the  unequal  degree  to 
which  the  other  fragments  have  been  rounded, — in  the 
quantity  of  associated  earth, — in  the  absence  of  stratifi- 
cation,— and  in  the  irregularity  of  th»  upper  surfaces. 
This  difference  was  likewise  well  shown  at  points  low 
down  the  valleys,  where  precipitous  ravines,  cutting 
through  mountains  of  highly  coloured  rock,  have  thrown 
down  wide,  fan-shaped  accumulations  of  detritus  on  the 
terraces:  in  such  cases,  the  line  of  separation  between 
the  detritus  and  the  terrace  could  be  pointed  out  to 
within  an  inch  or  two ;  the  detritus  consisting  entirely 
of  angular  and  only  partially  rounded  fragments  of  the 
adjoining  coloured  rocks;  the  stratified  shingle  (as  I 
ascertained  by  close  inspection,  especially  in  one  case, 
in  the  valley  of  the  fi.  Mendoza)  containing  only  a 
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amall  proportion  of  these  fragments,  and  those  few  well 
poanded. 

I  particularly  attended  to  the  appearance  of  the 
terraces  where  the  valleys  made  abmpt  and  considerable 
bends,  but  I  conld  perceive  no  difference  in  their  stmc- 
tnre :  they  followed  the  bends  with  their  osnal  nearly 
equable  inclination.  I  observed,  also,  in  several 
valleys,  that  wherever  large  blocks  of  any  rock  became 
nnmeroos,  either  on  the  snrfiE^se  of  the  terrace  or  em- 
bedded in  it,  this  rock  soon  appeared  higher  up  in  sUu : 
thus  I  have  noticed  blocks  of  porphyry,  of  andesitic 
syenite,  of  porphyry  and  of  syenite,  alternately  becoming 
numerous,  and  in  each  case  succeeded  by  mountains 
thus  constituted.  There  is,  however,  one  remarkable 
exception  to  this  rule;  for  along  the  valley  of  the 
Cachapual,  M.  Gay  found  numerous  large  blocks  of 
white  granite,  which  does  not  occur  in  the  neighbour- 
hood: I  observed  these  blocks,  as  well  as  others  of 
andesitic  syenite  (not  occurring  here  in  sUti)^  near  the 
baths  of  Canqnenes  at  a  height  of  between  200  and  300 
feet  above  the  river,  and  therefore  quite  above  the 
terrace  or  fringe  which  borders  that  river ;  some  miles 
higher  up  the  valleys  there  were  other  blocks  at  about 
the  same  height :  I  also  noticed,  at  a  less  height,  just 
above  the  terrace,  blocks  of  porphyries  (apparently  not 
found  in  the  immediately  impending  mountains), 
arranged  in  rude  lines,  as  on  a  sea-beach.  All  these 
blocks  were  rounded,  and  though  large,  not  gigantic, 
like  the  true  erratic  boulders  of  Patagonia  and  Fuegia 
M.  Gay  ^  states  that  granite  does  not  occur  in  mfn 
within  a  distance  of  twenty  leagues;  I  suspect,  for 
several  reasons,  that  it  will  ultimately  be  found  at  a 

■  *  Aonales  dei  Scienc.  Nat.'  (I.  series,  tom.  28).  M.  Gar,  as  I 
was  inforxDed*  penetrated  the  Coitlillera  by  the  great  oblique  vallejr 
of  Ijob  Copressus,  and  not  bjr  the  most  direct  Uiml 
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much  less  distance,  though  certainly  not  in  the  imme- 
diate neighbourhood.  The  boulders  found  by  MM. 
Meyen  and  Gay  on  the  upper  plain  of  S.  Fernando 
(mentioned  in  a  previous  note)  probably  belong  to  this 
same  class  of  phenomena. 

These  fringes  of  stratified  gravel  occur  along  all  the 
great  valleys  of  the  Cordillera,  as  well  as  along  their 
main  branches;  they  are  strikingly  developed  in  the 
valleys  of  the  Maypu,  Mendoza,  Aconcagua,  Cachapual, 
and  according  to  Meyen,'  in  the  Tinguirica.  In  the 
valleys,  however,  of  northern  Chile,  and  in  some  on  the 
eastern  flank  of  the  Cordillera,  as  in  the  Portillo 
Valley,  where  streams  have  never  flowed,  or  are  quite 
insignificant  in  volume,  the  presence  of  a  mass  of 
stratified  gravel  can  be  inferred  only  from  the  smooth 
slightly  concave  form  of  the  bottom.  One  naturally 
seeks  for  some  explanation  of  so  general  and  striking  a 
phenomenon ;  that  the  matter  forming  the  fringes 
along  the  valleys,  or  still  filling  up  their  entire  beds, 
lias  not  fallen  from  the  adjoining  mountains  like 
common  detritus,  is  evident  from  the  complete  con- 
trast in  every  respect  between  the  gravel  and  the  piles 
of  detritus,  whether  seen  high  up  the  valleys  on  their 
sides,  or  low  down  in  front  of  the  more  precipitous 
ravines;  that  the  matter  has  not  been  deposited  by 
debacles,  even  if  we  could  believe  in  debacles  having 
rushed  down  every  valley,  and  all  their  branches,  east- 
ward and  westward  from  the  central  pinnacles  of  the 
Cordillera,  we  must  admit  from  the  following  reasons, 
— from  the  distinct  stratification  of  the  mass, — its 
smooth  upper  surface, — the  well-rounded  and  some* 
times  encrusted  state  of  the  pebbles,  so  different  from 
the  loose  debris  on  the  mountains, — and  especially  from 
the  terraces  preserving  their  uniform  inclination  round 

1  *  BcUe/  &c.  Tb.  I.  s.  302. 
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the  most  abnipt  bends.  To  soppoee  that  as  the  land 
now  stands,  the  rirers  deposited  the  shingle  along  the 
coarse  of  ererr  TaUer,  and  all  their  main  branches, 
appears  to  me  preposterous,  seeing  that  the&e  same 
riTers  not  osAj  are  nov  removing  and  hare  remoired 
ranch  of  this  deposit,  bat  are  erenrwhere  tending  to  cut 
deep  and  narrov  gorges  in  the  hard  nnderiring  rocks. 

I  hare  stated  that  these  £nnges  of  grareL  the  origin 
of  whidi  is  inex|J&cable  00  th^  uotion  of  debacles  or 
of  ofdinarr  allorial  action,  are  directlr  oontinooos  with 
the  ^milarlT-oooxpoBed  basin-iike  plains  at  the  loot  of 
the  CordiUefa,  which,  from  the  several  reasons  before 
assigned,  I  cannot  doubt  were  modelled  far  the  agencr 
of  the  sea.  Now  if  we  suppo^  that  the  sea  formerly 
ooca|Hed  the  raUers  cf  the  Chilian  Cordillera,  in  pre* 
caselT  the  same  manner  as  it  now  does  in  the  more 
soothem  parts  of  the  continent,  where  deep  winding 
creeks  penetrate  into  the  rery  heart  of,  and  in  the  case 
of  Obstmction  Sonnd  quite  through,  this  great  range ; 
and  if  we  suppose  that  the  mountains  were  upraised  in 
the  same  slow  manner  as  the  eastern  and  western  coasts 
have  been  apraiaed  within  the  recent  period,  th^i  the 
origin  and  formation  of  these  sIopLog,  terraoe-like  fringes 
of  gravel  can  be  simplv  explained.  For  evenr  part  of 
the  bottom  of  each  valler  will,  on  this  view,  have  long 
stood  at  the  head  of  a  sea^^rreek.  into  which  the  then 
existing  torrents  will  have  delivered  fragments  of  rocks, 
wliere.  bv  the  action  of  the  tides,  thev  will  have  been 
rolled,  sometimes  encrusted,  rudelv  stratified,  and  the 
whole  surface  levelled  bv  the  blending  together  of  the 
auc(;ebbive  beach  lineb.'     As  the  laud  rose,  the  k>rrents 

'  Blopins:  terraoe?  of  preciselr  similar  stmctaTe  have  been  de- 
fcribed  i>y  me  ('  Pbaufroph.  Tzauaaetioiis*  183^,  p.  58)  in  the  v&ileytf 
cif  Lochaoer  in  bootiand.  vbere,  at  hi;;ber  leyelfi.  tbe  paraliel  r(M*<U 
of  (.Tieo  UoT  sboir  tiie  i&ark$^  of  \\^  Icine  aod  quiet  resirienoe  of  a 
^LiciAi  lake     I  have  uo  d  jt^b:  th^t  alr^piog  terr^oes  woiii'l  iiave  U^A 
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in  every  valley  will  have  tended  to  have  removed  the 
matter  which  just  before  had  been  arrested  on,  or  near, 
the  beach-lines;  the  torrents,  also,  having  continued 
to  gain  in  force  by  the  continued  elevation  increasing 
their  total  descent  from  their  sources  to  the  sea.  This 
slow  rising  of  the  Cordillera,  which  explains  so  well  tlie 
otherwise  inexplicable  origin  and  structure  of  the  ter- 
races, judging  from  all  known  analogies,  will  probably 
have  been  interrupted  by  many  periods  of  rest ;  but  we 
ought  not  to  expect  to  find  any  evidence  of  these  periods 
in  the  structure  of  the  gravel-terraces :  for.  as  the  waves 
at  the  heads  of  deep  creeks  have  little  erosive  power,  so 
the  only  effect  of  the  sea  having  long  remained  at  the 
same  level  will  be  that  the  upper  parts  of  the  creeks 
will  have  become  filled  up  at  such  periods  to  the  level 
of  the  water  with  gravel  and  sand  ;  and  that  afterwards 
the  rivers  will  have  thrown  down  on  the  filled-np  parts 
a  talus  of  similar  matter,  of  which  the  inclination  (as 
at  the  head  of  a  partially  filled-up  lake)  will  have  been 
determined  by  the  supply  of  detritus,  and  the  force  of 
the  stream.^  Hence,  after  the  final  conversion  of  the 
creeks  into  valleys,  almost  the  only  difference  in  the 
terraces  at  those  points  at  which  the  sea  stood  long,  will 
be. a  somewhat  more  gentle  inclination,  with  river-worn 
instead  of  sea-worn  detritus  on  the  surface. 

I  know  of  only  one  diflSculty  on  the  foregoing  view, 
namely,  the  far-transported  blocks  of  rock  high  on  the 
sides  of  the  valley  of  the  Cachapual :  I  will  not  attempt 
any  explanation  of  this  phenomenon,  but  I  may  state 

present  in  the  valleys  of  most  of  the  European  rnnjres,  harl  not 
every  trace  of  them,  and  all  ivrecks  uf  sea  action,  bet^n  swept  away 
by  the  glaciers  which  have  since  occupied  tl  em.  I  have  shown  that 
this  is  the  case  with  the  moantains  (*  London  and  Edin.  Phil. 
Journal/  vol.  zxi.  p.  187)  of  North  Wales. 

*  I  have  attempted  to  explain  this  proce^^s  in  a  more  detailed 
manner,  in  a  letter  to  Mr.  Maclaren,  published  in  the  *  Edinburgh 
Kew  Phil.  JonmaV  vol.  zzxv.  p.  288. 
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ray  belief  tk&t  a  monntam -ridge  near  the  Baths  of  Can- 
qnenes  has  been  upraised  long  snfaseqaently  to  all  the 
other  ranges  in  the  neighbourhood,  and  that  when  this 
was  effected  the  whole  fiaoe  of  the  country  most  have 
been  greatly  altered.  In  the  course  of  ages,  moreover, 
in  tliis  and  other  valleys,  events  may  have  occurred  like, 
but  even  on  a  grander  scale  than,  that  described  by 
Molina,^  when  a  slip  during  the  earthquake  of  1762 
banked  up  for  ten  days  the  great  river  Lontu6,  which 
then  bursting  its  barrier  '  inundated  the  whole  country,' 
and  doubtless  transported  many  great  fragments  of  rock. 
Finally,  notwithstanding  this  one  case  of  difBcuIty,  I 
cannot  entertain  any  doubt,  that  these  terrace- like 
fringes,  which  are  continuously  united  with  the  basin- 
shaped  plains  at  the  foot  of  the  Ck>rdi]lera,  have  been 
formed   by   the  arrestment  of  river-borne  detritus  at 

>  <  GompeDdio  de  la  Hist.*  &c.  &c.  1. 1.  p.  30.  M.  Brongniart,  in 
his  report  on  M.  Gay's  labooiB  ('Aimaies  des  Sciences,'  l83:-i)  oon- 
aiders  that  the  boulders  in  the  Cachapoal  belong  to  tbe  same  daf^s 
with  the  erratic  boulders  of  Europe.  As  the  blocks  which  I  saw  are 
not  gigantic,  and  e^peciallj  as  tbej  are  not  angular,  and  as  they 
have  not  been  iiansported  fairly  across  low  spaces  or  wide  valley's, 
I  am  unwilling  to  class  them  with  those,  which,  both  in  the  northern 
and  southern  hemisphere  (*  Greolog.  TrauEac'  voL  vi.  p.  415),  have 
been  transported  by  ice.  It  is  to  be  hoped,  tbat  when  M.  Gay's  long- 
fx>ntinued  and  admirable  labours  in  Chile  are  published,  more  light 
will  be  thrown  on  this  subject.  Howler,  the  boulders  may  have 
been  primarily  transported ;  tbe  final  positioi^  of  those  of  porphyry, 
wbicfa  have  been  described  as  arranged  at  the  foot  of  the  mountain 
in  rude  lines,  I  cannot  doubt,  has  been  due  to  tbe  action  of  waves 
on  a  beach.  I'he  valley  of  the  Cachapnal.  in  the  part  where  the 
bouiden*  occur,  bursts  through  the  high  ridg«  of  Cauquenes,  which 
runs  parallel  to,  but  at  some  distance  frorn^  the  Cordillera.  This 
ri  Ige  has  been  sabjected  to  excessive  violence ;  trachytic  la\'a  has 
l.uist  from  it,  and  hot  springs  yet  flow  at  its  baae.  Seeing  the 
enormous  amount  of  denudation  of  solid  rock  in  the  upper  and  much 
bioader  parts  of  this  valley  where  it  enters  the  Cordilleia,  and  see- 
ing to  what  extent  the  ridge  of  Cauquenes  now  protects  the  great 
range,  1  could  not  help  believing  (as  alluded  to  in  the  text)  that 
this  ridge  with  its  tmch^i^ic  eruptions  had  been  thrown  up  at  a  much 
later  period  than  the  Cordillera.  If  this  has  been  tbe  case,  1  he 
boulders,  aft«r  having  been  transported  to  a  l>>w  level  by  the 
torrents  (wliich  exhibit  in  every  valley  proofs*  of  their  power  of 
moving  great  fragments),  may  have  been  raised  up  to  their  present 
height,  with  the  land  on  which  they  rested. 
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successive  levels,  in  the  same  manner  as  we  see  now 
taking  place  at  the  heads  of  all  those  many,  deep, 
winding  fiords  intersecting  the  southern  coasts.  To  ray 
mind,  this  has  been  one  of  the  most  important  con- 
clusions to  which  my  observations  on  the  geology  of 
South  America  have  led  me ;  for  we  thus  learn  that  one 
of  the  grandest  and  most  symmetrical  mountain-chains 
in  the  world,  with  its  several  parallel  lines,*  have  been 
together  uplifted  in  mass  between  7,000  and  9,000 
feet,  in  the  same  gradual  manner  as  have  the  eastern 
and  western  coasts  within  the  recent  period. 

Formation  of  Valleys, 

The  bulk  of  solid  rock  which  has  been  removed  in 
the  lower  parts  of  the  valleys  of  the  Cordillera  has  been 
enormous ;  it  is  only  by  reflecting  on  scch  cases  as  that 
of  the  gravel  beds  of  Patagonia,  covering  so  many  thou- 
sand square  leagues  of  surface,  and  which  if  heaped  into 
a  ridge,  would  form  a  mountain-range,  almost  equal  to 
the  Cordillera,  that  the  amount  of  denudation  becomes 
credible.     The  valleys  within  this  range,  often  follow 

'  I  do  not  wish  to  aflirm  that  all  the  lines  hare  been  uplifted 
qnite  equally;  slight  differences  in  the  elevation  would  leave  no 
perceptible  effect  on  the  terraces.  It  may,  however,  be  inferred, 
perhaps  with  one  exception,  that  since  the  period  when  the  sea 
occupied  thet^e  valleys,  the  several  ranges  have  not  been  dislocated 
by  great  and  abrnpt  faults  or  upheavals ;  for  if  such  had  occurred, 
the  terraces  of  gravel  at  these  points  would  not  have  been  conti- 
nuous. The  one  exception  is  at  the  lower  end  of  a  plain  in  the  Valle 
del  Teso  (a  branch  of  the  Maypa),  where,  at  a  great  height,  the 
terraces  and  vaUey  appear  to  have  been  broken  through  by  a  line  of 
upheaval,  of  which  the  evidence  is  plain  in  the  adjoining  mountains; 
this  dislocation,  perhaps,  occurred  after  the  elevafiim  of  this  part  of 
the  valley  above  the  level  of  the  sea.  The  valley  here  is  almoKt 
blocked  up  by  a  pile  above  1,000  feet  in  thickness,  formed,  as  fnr  as 
I  could  judge,  from  three  sides,  entirely,  or  at  least  in  chief  part,  of 
gravel  and  detritus.  On  the  south  side,  the  river  has  cut  quite 
through  this  mass ;  on  the  northern  side,  and  on  the  very  summit 
deep  ravines,  parallel  to  the  line  of  the  valley,  are  worn,  mn  if  the 
dminage  from  the  vnlley  above  had  passed  by  the  e  two  lines  before 
foUowing  its  ptxsent  couise. 
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anticlinal  but  rarely  Erncliiftal  lines ;  that  is,  the  strala 
on  tlie  two  sides  more  often  dip  from  the  line  of  yailey 
than  towards  it.  On  the  flanks  of  the  range,  tiie  vaJlex  b 
most  frequently  ran  neither  along  anticiiQal  nor  6yn«> 
clinal  axes^  bat  alon?  lines  of  flexure  or  &ults ;  that  is, 
the  strata  on  both  Bides  dip  in  ik^  saioe  directicMi^  but 
with  diflerent,  tboujrii  often  only  slightly  diflerent, 
inclinations.  As  most  of  the  nearly  parallel  ridges 
m-hich  together  form  the  Cordillera  run  approxiinately 
north  and  sonth,  the  east  and  west  Tallevs  cross  them 
in  zig-xag  lines,  bnrEaing  through  the  points  where  the 
strata  have  been  least  inclined.  Ko  doubt  the  greater 
part  of  the  denudation  was  aflected  at  the  periods  a'hen 
tidal  creeks  occupied  the  Talieys.  and  when  the  outer 
flanks  of  the  mountains  were  exposed  to  the  fuU  ibrce 
of  an  open  ocean.  I  have  already  alluded  to  the  power 
of  the  tidal  action  in  the  channels  connecting  great 
bavR :  and  I  may  here  mention  that  one  k^  the  surveying 
vessels  in  a  channel  of  this  kind^  though  under  sail^ 
was  whirltd  round  and  round  bv  the  force  of  the  current. 
AVe  shall  hereafier  see,  that  of  the  two  taain  ridges 
forming  the  Cinlian  Cordillera.  ti»e  eat^xem  and  loftiert 
one.  owes  the  greater  part  of  itt  an/j*tlwr  upheaval  to  a 
jHTiod  Bcb^eqaent  to  the  elevation  of  the  western  ridge : 
and  it  is  likewise  probable  that  many  of  the  other 
parallel  ridgee  have  been  an^rularly  upheaved  at  diff^^nt 
periode  ;  consequent Jy  many  parts  of  the  surfaceB  of 
thebe  mount aiuf  mut^t  ff»ruierJy  have  been  exposed  to 
the  full  force  of  tiie  waves,  which,  if  the  Cordillera 
were  now  sunk  into  the  sea,  would  be  protected  by 
paraliei  eLalu^  of  ibianUE.  1'he  torrents  in  the  valleyt 
certainly  have  jrreat  jxjwer  in  wearing  tl*e  rodLs;  as 
cx>uld  be  loid  by  the  dull  rattling  sound  of  the  many 
fragrrnent*-  iu^ut  and  day  hurryine*  downwards  ;  and  as 
ivat.ati«'B:ed  hv  tneva^t  tiiie  of  cerruin  fra^mentb,  whi^h 
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I  was  assared  had  been  carried  onwards  during  floods ; 
yet  we  have  seen  in  the  lower  parts  of  the  valleys,  that 
the  torrents  have  seldom  removed  all  the  sea-checked 
shingle  forming  the  terraces,  and  have  had  time  since 
the  la  at  elevation  in  mass  only  to  cut  in  the  under- 
lying rocks,  gorges,  deep  and  naiTOw,  but  quite  insigni- 
ficant in  dimensions  compared  with  the  entire  width 
and  depth  of  the  valleys. 

Aloag  the  shores  of  the  Pacific,  I  never  ceased 
during  my  many  and  long  excursions  to  feel  astonished 
at  seeing  every  valley,  ravine,  and  even  little  inequality 
of  surface,  both  in  the  hard  granitic  and  sofb  tertiary 
districts,  retaining  the  exact  outline,  which  they  had 
when  the  sea  lefb  their  surfaces  coated  with  organic 
remains.  When  these  remains  shall  have  decayed, 
there  will  be  scarcely  any  difierence  in  appearance  be- 
tween this  line  of  coast-land  and  most  other  countries, 
which  we  are  accustomed  to  believe  have  assumed  their 
present  features  chiefly  through  the  agency  of  the 
weather  and  fresh-water  streams.  In  the  old  granitic 
districts,  no  doubt  it  would  be  rash  to  attribute  all  the 
modifications  of  outline  exclusively  to  the  sea-action; 
for  who  can  say  how  often  this  lately  submerged  coast 
may  not  previously  have  existed  as  land,  worn  by  run- 
ning streams  and  washed  by  rain  ?  This  source  of  doubt, 
however,  does  not  apply  to  the  districts  superficially 
formed  of  the  modern  tertiary  deposits.  The  valleys 
worn  by  the  sea,  through  the  softer  formations,  both  on 
the  Atlantic  and  Pacific  sides  of  the  continent,  are 
generally  broad,  winding,  and  flat-bottomed :  the  only 
district  of  this  nature  now  penetrated  by  arms  of  the 
sea,  is  the  Island  of  Chiloe. 

Finally,  the  conclusion  at  which  I  have  arrived, 
with  respect  to  the  relative  powere  of  rain  and  sea  water 
on  the  Innd,  is,  that  the  latter  is  far  the  most  eflScient 
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agent,  and  that  its  chief  tendency  is  to  widign  the 
valleys;  whilst  torrents  and  rivers  tend  to  deepen  them, 
and  to  remove  the  wreck  of  the  sea's  destroying  action. 
Ah  the  waves  have  more  power,  the  more  open  and  ex- 
posed the  space  may  be,  so  will  they  always  tend  to 
widen  more  and  more  the  mouths  of  valleys  compared 
with  their  npper  parts:  hence,  doubtless,  it  is,  that 
most  valleys  expand  at  their  mouths, — that  part,  at 
which  the  rivers  flowing  in  them,  generally  have  the 
least  wearing  power. 

When  reflecting  on  the  action  of  the  sea  on  the 
land  at  former  levels,  the  efiect  of  the  great  waves, 
which  generally  accompany  earthquakes,  must  not  be 
overlooked :  few  years  pass  without  a  severe  earthquake 
occurring  on  some  part  of  the  west  coast  of  South 
America ;  and  the  waves  thus  caused  have  great  power. 
At  Concepcion,  after  the  shock  of  1835,  I  saw  large 
slabs  of  sandstone,  one  of  which  was  six  feet  long,  three 
in  breadth,  and  two  in  thickness,  thrown  high  up  on 
the  beach ;  and  from  the  nature  of  the  marine  animals 
still  adhering  to  it,  it  must  have  been  torn  up  from  a 
considerable  depth.  On  the  other  hand,  at  Callao,  the 
recoil-wave  of  the  earthquake  of  1746  carried  great 
masses  of  brickwork,  between  three  and  four  feet  square, 
some  way  out  seaward.  During  the  course  of  ages,  the 
effect  thus  produced  at  each  successive  level,  cannot 
have  been  small ;  and  in  some  of  the  tertiary  deposits 
on  this  line  of  coast,  I  observed  great  boulders  of 
granite  and  other  neighbouring  rocks,  embedded  in 
tine  sedimentary  layers,  the  transportal  of  which,  except 
by  the  means  of  earthqnake-waves,  always  appeared  to 
me  inexplicable. 
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Superficial  Saline  Deposits, 

This  subject  may  be  here  conveniently  treated  of: 
I  will  begin  with  the  most  interesting  case,  namely, 
the  superficial  saline  beds  near  Iquique  in  Peru.  The 
porphyritic  mountains  on  the  coast  rise  abruptly  to  a 
height  of  between  1,900  and  3,000  feet:  between  their 
summits  and  an  inland  plain,  on  which  the  celebrated 
deposit  of  nitrate  of  soda  lies,  there  is  a  high  nndulatory 
district,  covered  by  a  remarkable  superficial  saliferous 
crust,  chiefly  composed  of  common  salt,  either  in  white, 
hard,  opaque  nodules,  or  mingled  with  sand,  in  this 
latter  case  forming  a  compact  sandstone.  This  sali- 
ferous superficial  crust  extends  from  the  edge  of  the 
coast-escarpment,  over  the  whole  face  of  the  country  ; 
but  never  attains,  as  I  am  assured  by  Mr.  Bollaert 
(long  resident  here)  any  great  thickness.  Although  a 
very  slight  shower  falls  only  at  intervals  of  many  years, 
yet  small  funnel-shaped  cavities  show  that  the  salt  has 
been  in  some  parts  dissolved.^  In  several  places  I  saw 
large  patches  of  sand,  quite  moist,  owing  to  the  quan- 
tity of  muriate  of  lime  (as  ascertained  by  Mr.  T.  Reeks) 
contained  in  them.  From  the  compact  salt-cemented 
sand  being  either  red,  purplish,  or  yellow,  according 
to  the  colour  of  the  rocky  strata  on  which  it  rested, 
I  imagined  that  this  substance  had  probably  been 
derived  through  common  alluvial  action  from  the  layers 
of  salt  which  occur  interstratified  in  the  surrounding 
mountains :  but  from  the  interesting  details  given  by 

'  It  is  singular  how  slowly,  aocording  to  the  ohsenrations  of  M« 
Cordier  on  the  salt-moantain  of  Gardona  in  Spain  ('  Ann.  des  Minea 
Transl.  of  Qeolog.  Mem/  by  De  la  Bcche,  p.  60),  salt  is  dissolved 
where  the  amount  of  rain  is  supposed  to  be  as  much  as  31*4  of  an 
inch  in  the  year.  Jt  ia  calculated  that  only  five  fcot  in  thickness  is 
dissolved  in  the  course  of  a  century. 
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M.  d'OrbigDy,  and  from  finding  on  a  fresh  examination 
of  this  agglomerated  sand,  that  it  is  not  irregularly 
cemented,  but  consists  of  thin  layers  of  sand  of  different 
tints  of  colour,  alternating  with  excessively  fine  paral- 
lel layers  of  salt,  I  conclude  that  it  is  not  of  alluvial 
origin.  M.  d'Orbigny  ^  observed  analogous  saline  beds 
extending  from  Cobija  for  five  degrees  of  latitude 
northward,  and  at  heights  varying  from  600  to  900 
feet:  from  finding  recent  sea-shells  strewed  on  these 
saliferous  beds,  and  under  them,  great,  well-rounded 
blocks,  exactly  like  those  on  the  existing  beach,  he 
believes  that  the  salt,  which  is  invariably  superficial, 
has  been  left  by  the  evaporation  of  the  sea-water.  This 
same  conclusion  must,  I  now  believe,  be  extended  to 
the  superficial  saliferous  beds  of  Iquique,  though  they 
stand  about  3,000  feet  above  the  level  of  the  sea. 

Associated  with  the  salt  in  the  superficial  beds, 
there  are  numerous,  thin,  horizontal  layers  of  impure, 
dirty- white,  friable,  gypseous  and  calcareous  tuffs.  The 
gypseous  beds  are  very  remarkable,  from  abounding 
with,  so  as  sometimes  to  be  almost  composed  of,  irregu- 
lar concretions,  from  the  size  of  an  egg  to  that  of  a 
man's  head,  of  very  hard,  compact,  heavy  gypsum,  in 
the  form  of  anhydrite.  This  gypsum  conSks  some 
foreign  particles  of  stone ;  it  is  stained,  judging  from 
its  action  with  borax,  with  iron,  and  it  exhales  a  strong 
aluminous  odour.     The  surfaces  of  the  concretions  are 

1  « Voyage/ &c.  p.  103.  M.  d'Orbigny  found  this  deposit  inter- 
sected, in  many  places,  by  deep  ravines,  in  which  there  was  no  sale 
Streams  mast  once,  though  historically  unknown,  have  flowed  in 
them ;  and  M.  d'Orbig^y  argues  from  the  presence  of  undissolved 
salt  over  the  whole  surrounding  country,  that  the  streams  must  have 
arisen  from  rain  or  snow  having  fallen,  not  in  the  adjoining  country, 
but  on  the  now  arid  Cordillera.  I  may  remark,  that  from  having 
observed  ruins  of  Indian  buildings  in  abscdutely  sterile  parts  of  the 
Chilian  Cordillera  (*  Journal,'  2nd  edit.  p.  357),  I  am  1^  to  believe 
that  the  climate,  at  a  time  when  Indian  man  inhabited  this  part  of 
the  continent,  was  in  some  slight  degree  more  humid  than  it  is  at 
present. 
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marked  by  sharp,  radiating,  or  bifurcating  ridges,  as  if 
they  had  been  (but  not  really)  corroded :  internally 
they  are  penetrated  by  branching  veins  (like  those  of 
calcareous  spar  in  the  septaria  of  the  London  clay)  of 
pure  white  anhydrite.  These  veins  might  naturally 
have  been  thought  to  have  been  formed  by  subsequent 
infiltration,  had  not  each  little  embedded  fragment  of 
rock  been  likewise  edged  in  a  very  remarkable  manner 
by  a  narrow  border  of  the  same  white  anhydrite  :  this 
shows  that  the  veins  must  have  been  formed  by  a  pro- 
cess of  segregation,  and  not  of  infiltration.  Some  of 
the  little  included  and  crucked  fragments  of  foreign 
rock  are  penetrated  by  the  anhydrite,  and  portions  have 
evidently  been  thus  mechanically  displaced :  at  St. 
Helena,  I  observed  that  calcareous  matter,  deposited  by 
rain-water,  also  had  the  power  to  separate  small  frag- 
ments of  rock  from  the  larger  masses.  I  believe  the 
superficial  gypseous  deposit  is  widely  extended :  I  re- 
ceived specimens  of  it  from  Pisagua,  forty  miles  north 
of  Iquique,  and  likewise  from  Arics^,  where  it  coats  a 
layer  of  pure  salt.  M.  d'Orbigny  ^  found  at  Cobija  a 
bed  of  clay,  lying  above  a  mass  of  upraised  recent  shells, 
which  was  saturated  with  sulphate  of  soda,  and  included 
thin  layers  of  fibrous  gypsum.  These  widely  extended, 
superficial,  beds  of  salt  and  gypsum,  appear  to  me  an 
interesting  geological  phenomenon,  which  could  be  pre- 
sented only  under  a  very  dry  climate. 

The  plain  or  basin,  on  the  borders  of  which  the 
famous  bed  of  nitrate  of  soda  lies,  is  situated  at  a 
distance  of  about  thirty  miles  from  the  sea,  being  sepa- 
rated from  it  by  the  saliferous  district  just  described. 
It  stands  at  a  height  of  3,300  feet ;  its  surface  is  level^ 
and  some  leagues  in  width;  it  extends  forty  miles 
northward,  and  has  a  total  length  (as  I  was  informed 

I  •  Voyage  G^olog.'  &c.  p.  93. 
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by  Mr.  Belford  Wilson,  the  Consal-Geaeral  at  Lima^ 
of  420  miles.  In  a  well  near  the  works,  thirty-six 
yards  in  depth,  sand,  earth,  and  a  little  gravel  were 
found :  in  another  well,  near  Almonte,  fifty  yards  deep, 
the  whole  consisted,  according  to  Mr.  Blake,^  of  clay, 
including  a  layer  of  sand  two  feet  thick,  which  rested 
on  fine  gravel,  and  this  on  coarse  gravel,  with  large 
rounded  fragments  <^  rock.  In  many  parts  of  this  now 
utterly  desert  {dain,  rushes  and  large  prostrate  trees  in 
a  hardened  state,  apparently  Mimosas,  are  found  buried, 
at  a  depth  from  three  to  six  feet;  according  to  Mr. 
Blake,  they  have  all  fallen  to  the  south-west.  The  bed 
of  nitrate  of  soda  is  said  to  extend  for  forty  or  fifty 
leagues  along  the  western  margin  of  the  plain,  but  is 
not  found  in  its  central  parts :  it  is  from  two  to  three 
feet  in  thickness,  and  is  so  hard  that  it  is  generally 
blasted  with  gunpowder ;  it  slopes  gently  upwards  from 
the  edge  of  the  plain  to  between  ten  and  thirty  feet 
above  its  level.  It  rests  on  sand  in  which,  it  is  said, 
vegetable  remains  and  broken  shells  have  been  found ; 
shells  have  also  been  found,  according  to  Mr.  Blake, 
both  on  and  in  the  nitrate  of  soda.  It  is  covered  by 
a  superficial  mass  of  sand,  containing  nodules  of  common 
salt,  and,  as  I  was  assured  by  a  miner,  much  soffc  gyp- 
seous matter,  precisely  like  that  in  the  superficial  crust 
already  described :  certainly  this  crust,  with  its  charac- 
teristic concretions  of  anhydrite,  comes  close  down  to 
the  edge  of  the  plain. 

The  nitrate  of  soda  varies  in  purity  in  difierent 
parts,  and  often  contains  nodules  of  common  salt. 
According  to  Mr.  Blake,  the  proportion  of  nitrate  of 
silver  varies  from  twenty  to  seventy-five  per  cent.     An 

>  See  an  admirable  paper,  *6eo1og.  and   Misoell.   Notices  of 
Tarapaca,'  in  Silliman's  *Americun  Jomnal/  vol.  xliv.  p.  1. 
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analysis  by  Mr.  A.  Hayes,  of  an  average  specimen, 
gave — 

Nitrate  of  Soda 64n8 

Sulphate  of  Soda 300 

Chloride  of  Soda 28*G9 

L  die  Salts .  0*63 

Shells  and  Marl 2-60 

yy-yo 

The  *  mother  water '  at  some  of  the  refineries  is  very 
rich  in  iodic  salts,  and  is  supposed  *  to  contain  much 
muriate  of  lime.  In  an  unrefined  specimen  brought 
home  by  myself,  Mr.  T.  lleeks  has  ascertained  that  the 
muriate  of  lime  is  very  abundant.  With  respect  to  the 
origin  of  this  saline  mass,  from  the  manner  in  which 
the  gently  inclined,  compact  bed  follows  for  so  many 
miles  the  sinuous  margin  of  the  plain,  there  can  be  no 
doubt  that  it  was  deposited  from  a  sheet  of  water  :  from 
the  fragments  of  embedded  shells,  from  the  abundant 
iodic  salts,  from  the  superficial  saliferous  crust  occur- 
ring at  a  higher  level  and  being  probably  of  marine 
origin,  and  from  the  plain  resembling  in  form  those  of 
Chile  and  that  of  Uspallata,  there  can  be  little  doubt 
that  this  sheet  of  water  was,  at  least  originally,  con- 
nected with  the  sea.^ 

T/tm,  svperficialj  saline  Incrustaiions.  —  These 
saline  incrustations  are  common  in  many  parts  of 
America :  Humboldt  met  with  them  on  the  table-land 


>  *  Literary  Gazette/  1841 »  p.  475. 

'  From  an  official  docament,  shown  me  by  Mr.  Belford  Wilson, 
it  appears  that  the  first  export  of  nitrate  of  soda  to  Kurope  was  in 
July  1830,  on  Fzench  account,  in  a  British  ship:— 

QointaltL 

In  1830,  the  entire  export  was  .        .        .    17,300 

1831,  H  „  ...    40,885 

18.32,  „  .,  ...    61,400 

1833,  '      „  ,.  ...    91ASft 

1834,  n  „  ...  149,538 

The  Spanish  quintal  nearly  equals  100  Euglish  pounds. 
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of  Mexico,  and  the  Jesuit  Falkner  and  other  authors  * 
state  that  they  occur  at  intervals  over  the  vast  plains 
extending  from  the  mouth  of  the  Plata  to  Rioja  and 
Catamarca.  Hence  it  is  that  during  droughts,  most  of 
the  streams  in  the  Pampas  are  saline.  I  nowhere  met 
with  these  incrustations  so  abundantly  as  near  Bahia 
Blanca :  square  miles  of  the  mud-flats,  which  near  that 
place  are  raised  only  a  few  feet  above  the  sea,  just 
enough  to  protect  them  from  being  overflowed,  appear, 
after  dry  weather,  whiter  than  the  ground  after  the 
thickest  hoar-frost.  After  rain  the  salts  disappear,  and 
every  puddle  of  water  becomes  highly  saline ;  as  the 
surface  dries,  the  capillary  action  draws  the  moisture  up 
pieces  of  broken  earth,  dead  sticks,  and  tufts  of  grass, 
where  the  salt  efiloresces.  The  incrustation,  where 
thickest,  does  not  exceed  a  quarter  of  an  inch.  M. 
Parchappe  ^  has  analysed  it ;  and  finds  that  the  speci- 
mens collected  at  the  extreme  head  of  the  low  plain, 
near  the  R.  Manuelo,  consist  of  ninety-three  per  cent, 
of  sulphate  of  soda,  and  seven  of  common  salt ;  whilst 
the  specimens  taken  close  to  the  coast  contain  only 
sixty-three  per  cent,  of  the  sulphate  and  thirty-seven 
of  the  muriate  of  soda.  This  remarkable  fact,  together 
with  our  knowledge  that  the  whole  of  this  low  muddy 
plain  has  been  covered  by  the  sea  within  the  recent 
period,  must  lead  to  the  suspicion  that  the  common 
salt,  by  some  unknown  process,  becomes  in  time 
changed  into  the  sulphate.  Friable  calcareous  matter 
is  here  abundant,  and  the  case  of  the  apparent  double 
decomposition  of  the  shells  and  salt  on  S.  Lorenzo, 
should  not  bo  forgotten. 

The  saline  incrustations,  near  Bahia  Blanca,  are  not 

'  Azara  (*  Travels/  vol.  i.  p.  66)  considerR  that  the  Parana  is  the 
eastern  bonndarj  of  the  saliferoas  region ;  but  I  heard  of  'salitrales ' 
in  the  Province  of  Entre  Rios. 

«  M.  d'Orbigny's  •  Voyage,'  &c.  Part.  Hist.  torn.  i.  p.  6C4. 

21 
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confined  to,  though  most  abundant  on,  the  low  muddy 
flats ;  for  I  noticed  some  on  a  calcareous  plain  between 
thirty  and  forty  feet  above  the  sea,  and  even  a  little 
occurs  in  still  higher  valleys.  Low  alluvial  tracts  in 
the  valleys  of  the  rivers  Negro  and  Colorado  are  also 
encrusted,  and  in  the  latter  valley  such  spaces  appeared 
to  be  occasionally  overflowed  by  the  river.  I  observed 
saline  incrustations  in  some  of  the  valleys  of  southern 
Patagonia.  At  Port  Desire  a  low,  flat,  muddy  valley 
was  thickly  incrusted  by  salts,  which  on  analysis  by 
Mr.  T.  Seeks,  are  found  to  consist  of  a  mixture  of  sul- 
phate and  muriate  of  soda,  with  carbonate  of  lime  and 
earthy  matter.  On  the  western  side  of  the  continent, 
the  southern  coasts  are  much  too  humid  for  this  phe- 
nomenon; but  in  northern  Chile  I  again  met  with 
similar  incrustations.  On  the  hardened  mud,  in  parts 
of  the  broad,  flat-bottomed  valley  of  Copiapo,  the  saline 
matter  incrusts  the  ground  to  the  thickness  of  some 
inches:  specimens,  sent  by  Mr.  Bingley  to  Apothe- 
caries' Hall  for  analysis,  were  said  to  consist  of  car- 
bonate and  sulphate  of  soda.  Much  sulphate  of  soda  is 
found  in  the  desert  of  Atacama.  In  all  parts  of  S. 
America,  the  saline  incrustations  occur  most  frequently 
on  low  damp  surfaces  of  mud,  where  the  climate  is 
rather  dry;  and  these  low  surfaces  have,  in  almost 
every  case,  been  upraised  above  the  level  of  the  sea, 
within  the  recent  period. 

SaU-lakes  of  Patagonia  and  La  Plata. — Salinas, 
or  natural  salt-lakes,  occur  in  various  formations  on  the 
eastern  side  of  the  continent, — in  the  argillaceo-calca- 
reous  deposit  of  the  Pampas,  in  the  sandstone  of  the 
Rio  Negro,  where  they  are  very  numerous,  in  the  pumi- 
ceous  and  other  beds  of  the  Patagonian  tertiary  forma- 
tion, and  in  small  primary  districts  in  the  midst  of  this 
latter  formation.     Port  S.  Julian  is  the  most  southerly 
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point  (lat.  49^  to  50°),  at  which  salinas  are  known  to 
occur.*  The  depressions,  in  which  these  salt'-Iakes  lie, 
are  from  a  few  feet  to  sixty  metres,  as  asserted  by 
M.  d'Orbigny,*  below  the  surface  of  the  surrounding 
plains;  and,  according  to  this  same  author,  near  the 
Rio  Negro  they  all  trend,  either  in  the  NE.  and  SW. 
or  in  E.  and  W.  lines,  coincident  with  the  general  slope 
of  the  plain.  These  depressions  in  the  plain  generally 
have  one  side  lower  than  the  others,  but  there  are  no 
outlets  for  drainage.  Under  a  less  dry  climate,  an 
outlet  would  soon  have  been  formed,  and  the  salt 
washed  away.  The  salinas  occur  at  different  elevations 
above  the  sea;  they  are  often  several  leagues  in  dia- 
meter; they  are  generally  very  shallow,  but  there  is  a 
deep  one  in  a  quartz-rock  formation  near  C.  Blanco.  In 
the  wet  season,  the  whole,  or  a  part,  of  the  salt  is  dis- 
solved, being  redeposited  during  the  succeeding  dry 
season.  At  this  period  the  appearance  of  the  snow- 
white  expanse  of  salt  crystallised  in  great  cubes,  is  very 
striking.  In  a  large  salina,  northward  of  the  Rio  Negro, 
the  salt  at  the  bottom,  during  the  whole  year,  is  between 
two  and  three  feet  in  thickness. 

The  salt  rests  almost  always  on  a  thick  bed  of  black 
muddy  sand,  which  is  fetid,  probably  from  the  decay 
of  the  burrowing  worms  inhabiting  it.'  In  a  salina, 
situated  about  fifteen  miles  above  the  town  of  El  Car- 
men on  the  Rio  Negro,  and  three  or  four  miles  from 
the  banks  of  that  river,  I  observed  that  this  black  mud 
rested  on  gravel  with  a  calcareous  matrix,  similar  to 
that  spread  over  the  whole  surrounding  plains :  at  Port 

>  According  to  Azara  (*  Travels,*  vol.  i.  p.  56)  there  are  salt  lakes 
as  far  north  as  Chaco  (lat.  25^),  on  the  banks  of  the  Vermejo.  The 
salt  lakes  of  Siberia  appear  (Pallas's  '  Travels/  Englif:h  Trans,  vol.  i. 
p.  284)  to  occur  in  very  fiimilar  depressions  to  those  of  Patagonia. 

«  *  Voyage  G6olog.*  p.  63. 

"  Prof.  Ehrenberg  examined  some  of  this  muddy  sand,  but  was 
nnable  to  find  in  it  any  infusoria. 
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St.  Julian  the  mud,  also,  rested  on  the  gravel:  hence 
the  depressions  must  have  been  formed  anteriorly  to, 
or  contemporaneously  with,  the  spreading  out  of  the 
gravel.  I  was  informed  that  one  small  salina  occurs  in 
nn  alluvial  plain  within  the  valley  of  the  Rio  Negro, 
and  therefore  its  origin  must  be  subsequent  to  the  exca- 
vation of  that  valley.  When  I  visited  the  salina,  fifteen 
miles  above  the  town,  the  salt  was  beginning  to  crystal- 
lise, and  on  the  muddy  bottom  there  were  lying  many 
crystals,  generally  placed  crbss-ways  of  sulphate  of  soda 
(as  ascertained  by  Mr.  Beeks),  and  embedded  in  the  mud, 
numerous  crystals  of  sulphate  of  lime,  from  one  to  three 
inches  in  length :  M.  d'Orbigny  *  states  that  some  of 
these  crystals  are  acicular  and  more  than  even  nine 
inches  in  length ;  others  are  macled  and  of  great  purity : 
those  I  found  all  contained  some  sand  in  their  centres. 
As  the  black  and  fetid  sand  overlies  the  gravel,  and 
that  overlies  the  regular  tertiary  strata,  I  think  there 
can  be  no  doubt  that  these  remarkable  crystals  of  sul- 
])hate  of  lime  have  been  deposited  from  the  waters  of 
the  lake.  The  inhabitants  call  the  crystals  of  selenite, 
the  yadve  drl  saly  and  those  of  the  sulphate  of  soda, 
the  madre  del  sal ;  they  assured  me  that  both  are  found 
under  the  same  circumstances  in  several  of  the  neigh- 
bouring Salinas;  and  that  the  sulphate  of  soda  is  an** 
nually  dissolved,  and  is  always  crystallised  before  the 
common  salt  on  the  muddy  bottom.^  The  association 
of  gypsum  and  salt  in  this  case,  as  i^ell  as  in  the  super- 
ficial deposits  of  Iquique,  appears  to  me  interesting, 
considering  how  generally  the:?e  substances  are  associated 
in  the  older  stratified  formations. 

»  •  Yoyajw  GMo^r.*  p,  64. 

*  Tbb  is  what  mi^ht  have  been  expected :  for  M.  Ballard  asserts 
(*Ac2id  dcs  Sciences,*  Oct.  7,  1844)  that  sulphate  of  soda  in  precipi- 
tat«\l  from  solnticn  more  readily  from  water  ooutaining  muriat* 
id  vjdA  in  esce^is  tkm  from  pure  wattsr. 
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Mr.  Reeks  has  analysed  for  me  some  of  the  salt 
from  the  salina  near  the  Rio  Negro,  he  finds  it  com- 
posed entirely  of  chloride  of  sodium,  with  the  exception 
of  0*26  of  sulphate  of  lime  and  of  0*22  of  earthy  matter : 
there  are  no  traces  of  iodic  salts.  Some  salts  from  the 
salina  Chiquitos  in  the  Pampean  formation,  is  equally 
pure.  It  is  a  singular  fact,  that  the  salt  from  these 
Salinas  does  not  serve  60  well  for  preserving  meat,  as 
sea-salt  from  the  Cape  de  Yerde  Islands ;  and  a  mer- 
chant at  Buenos  Ayres  told  me  that  he  considered  it  as 
fifty  per  cent,  less  valuable.  The  purity  of  the  Pata- 
gonian  salt,  or  absence  fi-om  it  of  those  other  saline 
bodies  found  in  all  sea- water,  is  the  only  assignable 
cause  for  this  inferiority;  a  conclusion  which  is  sup- 
ported by  the  fact  lately  ascertained,*  that  those  salts 
answer  best  for  preserving  cheese  which  contain  most  of 
the  deliquescent  chlorides.^ 

With  respect  to  the  origin  of  the  salt  in  the  salinas, 
the  foregoing  analysis  seems  opposed  to  the  view  enter- 
tained by  M.  d'Orbigny  and  others,  and  which  seems 
80  probable  considering  the  recent  elevation  of  this  line 
of  coast,  namely,  that  it  is  due  to  the  evaporation  of 
sea-water  and  to  the  drainage  from  the  surrounding 
strata  impregnated  with  sea-salt.  I  was  informed  (I 
know  not  whether  accurately)  that  on  the  northern  side 
of  the  salina  on  the  Rio  Negro,  there  is  a  small  brine 
spring  which  flows  at  all  times  of  the  year :  if  this  be 
so,  the  salt  in  this  case  at  least,  probably  is  of  subter- 
ranean origin.     It  at  first  appears  very  singular  that 

*  *  Hort.  and  AgricuU*.  Gazette/  184/5,  p.  93. 

'  It  would  probably  well  answer  for  the  merchants  of  Buenos 
Ayres  (considering  the  great  consumption  there  of  salt  for  preserving 
Djeat)  to  import  the  deliquescent  chlorides  to  mix  with  the  salt  from 
the  salinas:  I  may  call  attention  to  the  fact,  that  at  Iquique,  a  large 
quantity  of  muriate  of  lime,  left  in  the  motlier-nsater  during  the 
relinoment  of  the  nitrate  of  soda,  is  annually  thrown  away. 
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fresh-water  can  often  be  procured  in  wells,*  and  is  some- 
times found  in  small  lakes,  quite  close  to  these  salines. 
I  am  not  aware  that  this  fact  bears  particularly  on  the 
origin  of  the  salt ;  but  perhaps  it  is  rather  opposed  to 
the  view  of  the  salt  having  been  washed  out  of  the 
surrounding  superficial  strata,  but  not  to  its  having 
been  the  residue  of  sea-water,  left  in  depressions  as  the 
land  was  slowly  elevated. 

>  Sir  W.  Parish  states  (*  Baenos  Ayres/  &c.  pp.  122  and  170)  that 
this  is  the  case  near  the  great  salinas  westwai^  of  the  S.  Ventana. 
I  have  seen  similar  statements  in  an  ancient  MS.  Journal  lately 
pablished  by  S.  Angelis.  At  Iqniqne,  where  the  surface  is  so  thickly 
encmsted  with  saline  matter,  I  taisted  water  only  slightly  brackish, 
procured  in  a  well  thirty-six  yards  deep ;  bat  here  one  feels  less  sur- 
prise at  its  presence,  as  pnre  water  might  percolate  under  ground 
from  the  not  veiy  distant  Cordillera. 
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CHAPTER  XI. 

ON  THE  FORMATIONS  OF  THE  PAMPAS. 

Mfineralogicdl  eangtitwtian — 3fiero$copical  structure — Buenos  Ayre$, 
shells  emhedded  in  tosoa-roek — Buenos  Ayres  to  the  Colorado^S, 
Ventana — Bahia  Blanea  ;  M.  Hemwso,  hones  and  infusoria  of;  P. 
AUa^  shells^  hones  and  infusoria  of ;  eo-existenoe  of  the  recent  sJteUs 
and  extinct  mammifers— Buenos  Ayres  to  St.  FS — Skeletons  of 
Magtodon — Infusoria — Inferior  marine  tertiary  strata,  their  a^e 
— Hurst's  tooth.  Banda  Oriental — Superficial  Pampean  forma- 
tion— Inferior  tertiary  strata,  variation  of,  connected  with  voloattio 
action  ;  Maerauchenia  Patachonica  at  S.  Julian  in  Patagonia,  age 
of,  suhsequcfU  to  living  moUusca  and  to  the  erratic  hlook  period. 
SUMMABY — Area  of  Pampean  formation — TItsories  qf  origin — 
Source  of  sediment — Estuary  origin — Contemporaneous  with  exuft' 
ing  mollusca — Relations  to  underlying  tertiary  strata — Ancient 
deposit  if  estuary  origin — Elevation  and  successive  deposition  of 
the  Pampean  formation — Numher  and  state  of  tlie  remains  of 
mammifers;  their  halitatitm,  food,  extinction,  and  range — Coti- 
elnsion — Localities  in  Pampas  at  which  nuimmiferous  remains 
have  heen  found. 

The  Pampean  formation  is  highly  interesting  from  its 
vast  extent,  its  disputed  origin,  and  from  the  number 
of  extinct  gigantic  mammifers  embedded  in  it.  It  has 
upon  the  whole  a  very  uniform  character :  consisting  of 
a  more  or  less  dull  reddish,  slightly  indurated,  argil- 
laceous earth  or  mud,  often,  but  not  always,  including 
in  horizontal  lines  concretions  of  marl,  and  frequently 
passing  into  a  compact  marly  rock.  The  mud,  wher- 
ever I  examined  it,  even  close  to  the  concretions,  did 
not  contain  any  carbonate  of  lime.  The  concretions  are 
generally  nodular,  sometimes  rough  externally,  some- 
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times  stalactiformed ;  they  are  of  a  compact  structure, 
but  oflen  penetrated  (as  well  as  the  mud)  by  hair-like 
serpentine  cavities,  and  occasionally  with  irregular 
fissures  in  their  centres,  lined  with  minute  crystals  of 
carbonate  of  lime;  they  are  of  white,  brown,  or  pale 
pinkish  tints,  often  marked  by  black  dendritic  man- 
ganese or  iron ;  they  are  either  darker  or  lighter  tinted 
than  the  surrounding  mass;  they  contain  much  car- 
bonate of  lime,  but  exhale  a  strong  aluminious  odour, 
and  leave,  when  dissolved  in  acids,  a  large  but  varying 
residue,  of  which  the  greater  part  consists  of  sand. 
These  concretions  often  unite  into  irregular  strata ;  and 
over  very  large  tracts  of  country,  the  entire  mass  consists 
of  a  hard,  but  generally  cavernous  marly  rock :  some 
of  the  varieties  might  be  called  calcareous  tuffs. 

Dr.  Carpenter  has  kindly  examined  under  the  mi- 
croscope, sliced  and  polished  specimens  of  these  concre- 
tions, and  of  the  solid  marl-rock,  collected  in  various 
places  between  the  Colorado  and  St.  Fe  Bajada.  In 
the  greater  number.  Dr.  Carpenter  finds  that  the  whole 
substance  presents  a  tolerably  uniform  amorphous  cha- 
racter, but  with  traces  of  incipient  crystalline  meta- 
morphosis ;  in  other  specimens  he  finds  microscopically 
minute  rounded  concretions  of  an  amorphous  substance 
(resembling  in  size  those  in  oolitic  rocks,  but  not  having 
a  concentric  structure),  united  by  a  cement  which  is 
often  crystalline.  In  some.  Dr.  Carpenter  can  perceive 
distinct  traces  of  shells,  corals,  Polythalamia,  and  rarely 
of  spongoid  bodies.  For  the  sake  of  comparison,  I  sent 
Dr.  Carpenter  specimens  of  the  calcareous  rock,  formed 
chiefly  of  fragments  of  recent  shells,  from  Coquimbo  in 
Chile  :  in  one  of  these  specimens.  Dr.  Carpenter  finds, 
besides  the  larger  fragments,  microscopical  particles  of 
shells,  and  a  varying  quantity  of  opaque  amorphous 
matter;   in  another  specimen  from  the  same  bed,  he 
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finds  the  whole  composed  of  the  amorphous  matter, 
with  layers  showing  indications  of  an  incipient  crystal- 
line metamorphosis :  hence  these  latter  specimens,  both 
in  external  appearance  and  in  microscopical  structure, 
closely  resemble  those  of  the  Pampas.  Dr.  Carpenter 
informs  me  that  it  is  well  known  that  chemical  preci- 
pitation throws  down  carbonate  of  lime  in  the  opaque 
amorphous  state ;  and  he  is  inclined  to  believe  that  the 
long-continued  attrition  of  a  calcareous  body  in  a  state 
of  crystalline  or  semi-crystalline  aggregation  (as,  for 
instance,  in  the  ordinary  shells  of  MoUusca,  which, 
when  sliced,  are  transparent)  may  yield  the  same  result. 
From  the  intimate  relation  between  all  the  Coquimbo 
specimens,  I  can  hardly  doubt  that  the  amorphous 
carbonate  of  lime  in  them  has  resulted  from  the  attri- 
tion and  decay  of  the  larger  fragments  of  shell :  whether 
the  amorphous  matter  in  the  marly  rocks  of  the  Pampas 
has  likewise  thus  originated,  it  would  be  hazardous  to 
conjecture. 

For  convenience  sake,  I  will  call  the  marly  rock  by 
the  name  given  to  it  by  the  inhabitants,  namely,  Tosca- 
rock;  and  the  reddish  argillaceous  earth,  Pampean 
mud.  This  latter  substance,  I  may  mention,  has  been 
examined  for  me  by  Professor  Ehrenberg,  and  the 
result  of  his  examination  will  be  given  under  the  proper 
localities. 

I  will  commence  my  descriptions  at  a  central  spot, 
namely,  at  Buenos  Ayres,  and  thence  proceed  first  south- 
ward to  the  extreme  limit  of  the  deposit,  and  afterwards 
northward.  The  plain  on  which  Buenos  Ayres  stands 
is  from  thirty  to  forty  feet  in  height.  The  Pampean 
mud  is  here  of  a  rather  pale  colour,  and  includes  small 
nearly  white  nodules,  and  other  irregular  strata  of  an 
unusually  arenaceous  variety  of  tosca-rock.  In  a  well  at 
the  depth  of  seventy  feet,  according  to  Ignatio  Nunez, 
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with  the  tosca-rock  appearing  only  in  four  or  five  spots : 
this  sierra,  precisely  like  that  of  Tapalguen,  is  bordered 
by  horizontal,  often  clifl-bounded,  little  hills  of  tosca- 
rock,  higher  than  the  surrounding  plain.  Here,  also, 
a  new  appearance  was  presented  in  some  extensive  and 
level  banks  of  alluvium  or  detritus  of  the  neighbouring 
metamorphic  rocks ;  but  I  neglected  to  observe  whether 
it  was  stratified  or  not.  Between  Guitru-gueyu  and 
the  Sierra  Ventana,  I  crossed  a  dry  plain  of  tosca-rock 
higher  than  the  country  hitherto  passed  over,  and  with 
small  pieces  of  denuded  table-land  of  the  same  forma- 
tion, standing  still  higher. 

The  marly  or  calcareous  beds  not  only  come  up 
nearly  horizontally  to  the  northern  and  southern  foot 
of  the  great  quartzose  mountains  of  the  Sierra  Ventana, 
but  interfold  between  the  parallel  ranges.  The  super- 
ficial beds  (for  I  nowhere  obtained  sections  more  than 
twenty  feet  deep)  retain,  even  close  to  the  mountains, 
their  usual  character :  the  uppermost  layer,  however, 
in  one  place  included  pebbles  of  quartz,  and  rested  on 
a  mass  of  detritus  of  the  same  rock.  At  the  very  foot 
of  the  mountains,  there  were  some  few  piles  of  quartz 
and  tosca-rock  detritus,  including  land-shells ;  but  at 
the  distance  of  only  half  a  mile  from  these  lofby,  jagged, 
and  battered  mountains,  I  could  not,  to  my  great  sur- 
prise, find  on  the  boundless  surface  of  the  calcareous 
plain  even  a  single  pebble.  Quartz-pebbles,  however, 
of  considerable  size  have  at  some  period  been  trans- 
ported to  a  distance  of  between  forty  and  fifty  miles  to 
the  shores  of  Bahia  Blanca.* 

The  highest  peak  of  the  S.  Ventaua  is,  by  Captain 
FitzRoy'fl  measurement,  8,340  feet,  and  the  calcareous 
plain  at  its  foot  (from   observations  taken  by  some 

'  Schmidtmeyer  (*  Travels  in  Chile,*  p.  1 50)  states  that  lie  first 
roticed  on  the  Pampas,  very  small  bits  of  red  granite,  when  fifty 
miles  distant  from  the  southern  extremity  of  the  mountains  of 
Cordova,  which  project  on  tlie  plain,  like  a  reef  into  the  sea. 
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Spanish  oflBcers ')  840  feet  above  the  sea-level.  On  the 
flanks  of  the  mountains,  at  a  height  of  300  or  400  feet 
above  the  plain,  there  were  a  few  small  patches  of  con- 
glomerate and  breccia,  firmly  cemented  by  fermginous 
matter  to  the  abrupt  and  battered  face  of  the  quartz — 
traces  being  thus  exhibited  of  ancient  sea-action.  The 
high  plain  round  this  range  sinks  quite  insensibly  to 
the  eye  on  all  sides,  except  to  the  north,  where  its 
surface  is  broken  into  low  cliffs.  Round  the  Sierras 
Tapalguen,  Guitru-gueyu,  and  between  the  latter 
and  the  Ventana  we  have  seen  (and  shall  hereafter 
see  round  some  hills  in  Banda  Oriental),  that  the 
tosca-rock  forms  low,  flat-topped,  cliff-bounde3  hills, 
higher  than  the  surrounding  plains  of  similar  compo- 
sition. From  the  horizontal  stratification  and  from 
the  appearance  of  the  broken  cliffs,  the  greater  height 
of  the  Pampean  formation  round  these  primary  hills 
ought  not  to  be  altogether  or  in  chief  part  attributed 
to  these  several  points  having  been  uplifled  more  ener- 
getically than  the  surrounding  country,  but  to  the 
argillaceo-calcareous  mud  having  collected  round  them, 
when  they  existed  as  islets  or  submarine  rocks,  at  a 
greater  height,  than  at  the  bottom  of  the  adjoining 
open  sea; — the  cliffs  having  been  subsequently  worn 
during  the  elevation  of  the  whole  country  in  mass. 

Southward  of  the  Ventana,  the  plain  extends  farther 
than  the  eye  can  range ;  its  surface  is  not  very  level, 
having  slight  depressions  with  no  drainage  exits ;  it  is 
generally  covered  by  a  few  feet  in  thickness  of  sandy 
earth ;  and  in  some  places,  according  to  M.  Parchappe,' 
by  beds  of  clay  two  yards  thick.  On  the  banks  of  the 
Sauce,  four  leagues  SE.  of  the  Yentana,  there  is  an  im- 
perfect section  about  200  feet  in  height,  displaying  in 
the  upper  part  tosca-rock  and  in  the  lower  part  red 

»  '  La  Plata,*  &c.  bv  Sir  W.  Parish,  p.  146. 

«  M.  d'Orbigny. »  Voraje.  Part.  Q6olog.'  pp.  47,  48. 
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Pampean  mud.  At  the  settlement  of  Bahia  Blanca, 
the  uppermost  plain  is  composed  of  very  compact, 
stratified  tosca-rock,  containing  rounded  grains  of 
quartz  distinguishable  by  the  naked  eye:  the  lower 
plain,  on  which  the  Fortress  stands,  is  described  by 
M.  Parchappe^  as  composed  of  solid  tosca-rock  ;  but  the 
sections  which  I  examined  appeared  more  like  a  re* 
deposited  mass  of  this  rock,  with  small  pebbles  and  frag- 
ments of  quartz.  I  shall  immediately  return  to  the 
important  sections  on  the  shores  of  Bahia  Blanca. 
Twenty  miles  southward  of  this  place,  there  is  a  re- 
markable ridge  extending  W.  by  N.  and  E.  by  S., 
formea  of  small,  separate,  flat-topped,  steep-sided  hills, 
rising  between  100  and  200  feet  above  the  Pampean 
plain  at  its  southern  b&se,  which  plain  is  a  little  lower 
than  that  to  the  north.  The  uppermost  stratum  in 
this  ridge  consists  of  pale,  highly  calcareous,  compact 
tosca-rock,  resting  (as  seen  in  one  place)  on  reddish 
Pampean  mud,  and  this  again  on  a  paler  kind  :  at  the 
foot  of  the  ridge,  there  is  a  well  in  reddish  clay  or 
mud.  I  have  seen  no  other  instance  of  a  chain  of  hills 
belonging  to  the  Pampean  formation ;  and  as  the 
strata  shows  no  signs  of  disturbance,  and  as  the  direc- 
tion of  the  ridge  is  the  same  with  that  common  to  all 
the  metamorphic  lines  in  this  whole  area,  I  suspect 
that  the  Pampean  sediment  has  in  this  instance  been 
accumulated  on  and  over  a  ridge  of  hard  rocks,  instead 
of.  as  in  the  case  of  the  above-mentioned  Sierras,  round 
their  submarine  flanks.  South  of  this  little  chain  of 
tosca-rock,  a  plain  of  Pampean  mud  declines  towards 
the  banks  of  the  Colorado  :  in  the  middle  a  well  has  been 
dug  in  red  Pampean  mud,  covered  by  two  feet  of  white 
fioftish,  highly  calcareous  tosca-rock,  over  which  lies  sand 
with  small  pebbles  three  feet  in  thickness — ^the  first 
appearance  of  that  vast  shingle  formation  described  in 

>  M.  d'Orbigny,  'Voyage,  Pirt.  Qtolog.*  pp.  47,  48. 
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the  eighth  chapter.  In  the  first  section  after  crossing 
the  Colorado,  an  old  tertiary  formation,  namely,  the  Riu 
Negro  sandstone  (to  be  described  in  the  next  chapter),  is 
met  with :  but  from  the  accounts  given  me  by  the  Gan- 
chos,  I  believe  that  at  the  mouth  of  the  Colorado  the 
Pampean  formation  extends  a  little  farther  southwards. 
Bahia  Blanca. — To  return  to  the  shores  of  this 
bay.  At  Monte  Hermoso  there  is  a  good  section, 
about  100  feet  in  height,  of  four  distinct  strata,  appear- 
ing to  the  eye  horizontal,  but  thickening  a  little 
towards  the  NW.  The  uppermost  bed,  about  twenty 
feet  in  thickness,  consists  of  obliquely  laminated,  soft 
sandstone,  including  many  pebbles  of  quartz,  and  fall- 
ing at  the  surface  into  loose  sand.  The  second  bed,  only 
six  inches  thick,  is  a  hard,  dark-coloured  sandstone. 
The  third  bed  is  pale-coloured  Pampean  mud;  and 
the  fourth  is  of  the  same  nature,  but  darker  coloured, 
including  in  its  lower  part  horizontal  layers  and  lines 
of  concretions  of  not  very  compact  pinkish  tosca-rock. 
The  bottom  of  the  sea,  I  may  remark,  to  a  distance  of 
several  miles  from  the  shore,  and  to  a  depth  of  between 
sixty  and  one  hundred  feet,  was  foand  by  the  anchors 
to  be  composed  of  tosca-rock  and  reddish  Pampean 
mud.  Professor  Ehrenberg  has  examined  for  me  speci- 
mens of  the  two  lower  beds,  and  finds  in  them  three 
Polygastrica  and  six  Phytolitharia.*  Of  these,  only 
one  {Spongolithis  Fusiis  ?)  is  a  marine  form ;  five  of 
them   are  identical  with   microscopical  structures,   of 

'  The  following  list  is  given  in  the  *  Monatsberichten  der  konij^. 
Akad.  zu  Berlin/  April  1845  : — 

POLTOASTBICA. 

Fragilaria  rhabdosoma.       i  Pinnularia  ? 

Gailionella  distans.  { 

Phttolithabia. 

Lithostylidiom  rade. 
„  Serra. 


Lithodontiam  Barsa. 

„  furcatum. 

Lithjst}lidiam  exesam. 


Spongolithis  Fastis  2 
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brackish-water  origin,  hereafter  to  be  mentioned,  from 
a  central  point  in  the  Pampean  formation.  In  these 
two  beds,  especially  in  the  lower  one,  bones  of  extinct 
mammifers,  some  embedded  in  their  proper  relative 
positions  and  others  single,  are  very  numerous  in  a  small 
extent  of  the  cliffs.  These  remains  consist  of,  first, 
the  head  of  Ctenomys  aniiquus,  allied  to  the  living 
0.  Brasiliensis ;  secondly,  a  fragment  of  the  remains, 
of  a  rodent ;  thirdly,  molar  teeth  and  other  bones  of  a 
large  rodent,  closely  allied  to,  bnt  distinct  from,  tho 
existing  species  of  Hydrochoerus,  and  therefore  probably 
an  inhabitant  of  fresh  water ;  fourth  and  fifthly,  portions 
of  vertebrae,  limbs,  ribs,  and  other  bones  of  two  rodents; 
sixthly,  bones  of  the  extremities  of  some  great  mega* 
theroid  quadruped.'  The  number  of  the  remains  of 
rodents  gives  to  this  collection  a  peculiar  character, 
compared  with  those  found  in  any  other  locality.  All 
these  bones  are  compact  and  heavy ;  many  of  them  are 
stained  red,  with  their  surfaces  polished ;  some  of  the 
smaller  ones  are  as  black  as  jet. 

Monte  Hermoso  is  between  fifty  and  sixty  miles 
distant  in  a  SE.  line  from  the  Yentana,  with  the  inter- 
mediate country  gently  rising  towards  it,  and  all  con- 
sisting of  the  Pampean  formation.  What  relation, 
then,  do  these  beds,  at  the  level  of  the  sea  and  under 
it,  bear  to  those  on  the  flanks  of  the  Yentana,  at  the 
height  of  840  feet,  and  on  the  flanks  of  the  other 
neighbouring  sierras,  which,  from  the  reasons  already 
assigned,  do  not  appear  to  owe  their  greater  height  to 
unequal  elevation  ?  When  the  tosca^rock  was  accumu- 
lating round  the  Yentana,  and  when,  with  the  exception 
of  a  few  small  rugged  primary  islands,  the  whole  wide 

'  See  'Fossil  Mammalia/ (p.  109),  by  Professor  Owen»  in  the 
'  Zoology  of  the  Vojage  of  the  Beagle ; '  and  Catalogue  (p.  86)  of 
'  Fosi>il  Remains  io  Mu.seam  of  Bojal  College  of  Surgeons.* 
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surrounding  plains  must  have  been  under  water,  were 
the  strata  at  Monte  Hermoso  depositing  at  the  bottom 
of  a  great  open  sea,  between  800  and  1,000  feet  in 
depth  ?  I  much  doubt  this ;  for  if  so,  the  ahnost  per- 
fect carcasses  of  the  several  small  rodents,  the  remains 
of  which  are  so  very  numerous  in  so  limited  a  space, 
must  have  been  drifted  to  this  spot  from  the  distance 
of  many  hundred  miles.  It  appears  to  me  far  more 
probable,  that  during  the  Pampean  period  this  whole 
area  had  commenced  slowly  rising  (and  in  the  cliffs,  at 
several  different  heights,  we  have  proofs  of  the  land 
having  been  exposed  to  sea-action  at  several  levels),  and 
tliat  tracts  of  land  had  thus  been  formed  of  Pampean 
sediment  round  the  Ventana  and  the  other  primary 
ranges,  on  which  the  several  rodents  and  other  quadru- 
peds lived,  and  that  a  stream  (in  which  perhaps  the 
extinct  aquatic  Hydrochcerus  lived)  drifted  their  bodies 
into  the  adjoining  sea,  into  which  the  Pampean  mud 
continued  to  be  poured  from  the  north.  As  the  land 
continued  to  rise,  it  appears  that  this  source  of  sediment 
was  cut  off;  and  in  its  place  sand  and  pebbles  were 
borne  down  by  stronger  currents,  and  conformably  de- 
posited over  the  Pampean  strata. 

Punta  Alta  is  situated  about  thirty  miles  higher  up 
on  the  northern  side  of  this  same  bay :  it  consists  of 
a  small  plain,  between  twenty  and  thirty  feet  in  height, 
cut  off  on  the  shore  by  a  line  of  low  cliffs  about  a  mile 
in  length,  represented  in  the  diagram  with  its  vertical 
scale  necessarily  exaggerated.  The  lower  bed  (A)  is 
more  extensive  than  the  upper  ones;  it  consists  of 
stratified  gravel  or  conglomerate,  cemented  by  calcareo- 
arenaceous  matter,  and  is  divided  by  curvilinear  layers 
of  pinkish  marl,  of  which  some  are  precisely  like  tosca- 
rock,  and  some  more  sandy.  The  beds  are  curvilinear, 
owing  to  the '  action  of  currents,  and  dip  in  different 
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directions;  they  include  an  extraordinary  number  of 
l>ones  of  gigantic  mammifers  and  many  shells.  The 
])ebbles  are  of  considerable  size,  and  are  of  hard  sand- 
stone, and  of  quartz,  like  that  of  the  Ventana :  there 
are  also  a  few  well-rounded  masses  of  tosca-rock. 

No.  29. 

SeotioQ  of  B6d>  with  Reoeut  Shells  and  Brtinot  ]Camxnifen»  at  Pnnte  Alto  In 


The  second  bed  (B)  is  about  fifteen  feet  in  thickness 
bat  towards  both  extremities  of  the  cliff  (not  included 
in  the  diagram)  it  either  thins  out  and  dies  away,  or 
passes  insensibly  into  an  c  verlying  bed  of  gravel.  It 
consists  of  red,  tough  clayey  mud,  with  minute  linear 
cavities;  it  is  marked  with  faint  horizontal  shades  of 
colour ;  it  includes  a  few  pebbles,  and  rarely  a  minute 
particle  of  shell :  in  one  spot,  the  dermal  armour  and  a 
few  bones  of  a  Dasypoid  qnadruped  were  embedded  in 
it :  it  fills  up  furrows  in  the  underlying  gravel.  With 
the  exception  of  the  few  pebbles  and  particles  of  shells, 
this  bed  resembles  the  true  Pampean  mud ;  but  it  still 
more  closely  resembles  the  clayey  flats  (mentioned  in 
the  eighth  chapter)  separating  the  successively  rising 
parallel  ranges  of  sand-dunes. 

The  bed  (C)  is  of  stratified  gravel,  like  the  lowest 
one ;  it  fills  up  furrows  in  the  underlying  red  mud,  and 
is  sometimes  interstratified  with  it,  and  sometimes  in- 
sensibly passes  into  it ;  as  the  red  mud  thins  out,  this 
upper  gravel  thickens.  Shells  are  more  numerous  in 
it  than  In  the  lower  gravel ;  but  the  bones,  though 
some  are  still  present,  are  less  numerous.  In  one  part, 
however,  where  this  gravel  and  the  red  mud  passed  into 
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each  other,  I  found  several  bones  and  a  tolerably  peiv 
feet  head  of  the  Megatheriam.  Some  of  the  large 
Volatas,  thoagh  embedded  in  the  gravel-bed  (C),  were 
filled  with  the  red  mad,  inclndiDg  great  numbers  of  the 
little  recent  Paludesirina  australis.  These  three  lower 
beds  are  covered  by  an  unconformable  uiantle  (D)  of 
stratified  sandy  earth,  including  many  pebbles  of  quartz, 
pumice  and  phonolite,  land  and  sea-shells. 

M.  d'Orbigny  has  been  so  obliging  as  to  name  for 
me  tbe  twenty  species  of  M oUusca  embedded  in  the  two 
gravel  beds ;  they  consist  of — 


1.  Volatella   angnlata,  d'Orblg. 

» Voyage*  Mollusq.  and  PaL 

2.  Volata  Brasiliaoa,  Sol. 

3.  OUcancilleria  Brasiliensis, 

[d'Orbig. 

4.  „  auriculana,  do. 

5.  Olivina  pnelchana,  do. 

6.  Baocioanqpsoochlidiiun,do. 

7.  M         globulosam,  do. 

8.  ColombeIla8ertalariaram,do. 

9.  Trocbos  Patagonicas,  and  var. 

of  ditto,  d*Orbig. 

10.  Plalodcwtrina  auatralis, 

[d'Orbig. 

11.  Flssarella  Patagonica,  do. 


12.  Crepidula  ninricata»  Lam. 

13.  Venus  parpurata,    do. 

14.  „      rostrata,  Phillippi 

15.  Hjtilns   Darwiniann^s 

[d'Orbig. 

16.  Nacula  semiornata,      do. 

17.  Cardita  Patagonica,     do. 

18.  Corbola         ^       (?)  do. 

19.  Pecten  tethuelchus,     do. 

20.  Ostrea  paelcbana,         do. 

21.  A  living  species  of  Balanas. 

22.  and  23.  An  Astrspa  and  en* 
cmsting  Flustra,  apparent!; 
identicad  with  species  now 

I  living  in  the  Bay. 


All  these  shells  now  live  on  this  coast,  and  most  of  them 
iu  this  same  bay.  I  was  also  struck  with  the  fact,  that 
the  proportional  numbers  of  the  different  kinds  appeared 
to  be  the  same  with  those  now  cast  up  on  the  beach : 
in  both  cases  specimens  of  Voluta,  Crepidula,  Venus, 
and  Trochus  are  the  most  abundant.  Four  or  five  of 
the  species  are  the  same  with  the  upraised  shells  od 
the  Pampas  near  Buenos  Ayres.  All  the  specuneus 
have  a  very  ancient  and  bleached  appearance,^  and  do 
not  emit,  when  heated,  an  animal  odour;  some  of  them 

>  A  BnlinDS,  mentioned  in  tbe  Introduction  to  tbe  *  Fossil  Mam- 
malia in  tbe  Zoology  of  tbe  Voyage  of  tbe  Beagle,'  bas  so  mncb 
fresher  an  appearance,  tban  tbe  marine  species,  tbat  I  suspect  it 
most  have  fallen  amongst  tbe  others,  and  been  collected  by  mistaka 
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are  changed  throughont  into  a  white,  soft,  fibrous  sub- 
stance; others  have  the  space  between  ihe  external 
walls,  either  hollow,  or  filled  up  with  crystalline  car- 
bonate of  lime. 

The  remains  of  the  extinct  mammiferons  animals, 
from  the  two  gravel  beds  have  been  described  by  Pro- 
fessor Owen  in  the '  Zoology  of  the  Voyage  of  the  Beagle : ' 
thoy  consist  of  1st,  one  nearly  perfect  head  and  three 
fragments  of  heads  of  the  Megaiherium  Cuuierii ;  2nd, 
a  lower  jaw  of  Megalonyx  Jeffersonii ;  3rd,  lower  jaw 
of  Mylodon  Darwinii;  4th,  fragments  of  a  head  of 
some  gigantic  Edental  qnadraped ;  5th,  an  almost  entire 
skeleton  of  the  great  Seelidotherium  leptocqaJudum^ 
with  most  of  the  bones,  including  the  head,  vertebrae, 
ribs,  some  of  the  extremities  to  the  claw-boiie,  and  even, 
as  remarked  by  Professor  Owen,  the  knee-cap,  all  nearly 
in  their  proper  relative  positions;  6th,  fragments  of 
the  jaw  and  a  separate  tooth  of  a  Toxodon,  belonging 
either  to  T.  PkUensis,  or  to  a  second  species  lately  dis- 
covered near  Baenos  Ayi>es ;  7th,  a  tooth  of  EtpiUB 
curvidens ;  8th,  tooth  of  a  Pachyderm,  closely  allied  to 
Pahpotherium,  of  which  parts  of  the  head  have  been 
lately  sent  from  Bnenos  Ayres  to  the  British  Museam  ; 
in  all  probability  this  pachyderm  is  identical  with  the 
Macrauchenia  Patcuhonica  from  Port  S.  Julian,  here- 
after to  be  referred  to.  Lastly,  and  9thly,  in  a  cliff  of 
the  red  clayey  bed  (B),  there  was  a  double  piece,  about 
three  feet  long  and  two  wide,  of  the  bony  armour  of  a 
large  Dasypoid  quadruped,  with  the  two  sides  pressed 
nearly  close  together :  as  the  cliff  is  now  rapidly  wash- 
ing away,  this  fossil  probably  was  lately  much  more 
perfect ;  fix>m  between  its  doubled-up  sides,  I  extracted 
the  middle  and  ungneal  phalanges,  united  together,  of 
one  of  the  feet,  and  likewise  a  separate  phalang :  hence 
one  or  more  of  the  limbs  must  have  been  attached  to 
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the  dermal  case,  when  it  was  embedded.  Bemdes  these 
several  remains  in  a  distingoishable  condition,  there 
were  veiy  many  single  bones:  the  greater  number  were 
embedded  in  a  spaoe  200  yards  sqpare.  The  prepon- 
derance of  the  Edental  qnadr-apeds  is  remarkable ;  as 
is,  in  contrast  with  the  beds  of  Monte  Hermoso,  the 
absence  of  Rodents.  Most  of  the  bones  are  now  in  a 
soft  and  friable  condition,  and,  like  the  shells,  do  not 
emit  when  burnt  an  animal  odonr.  The  decayed  state 
of  the  bones  may  be  partly  owing  to  their  late  exposure 
to  the  air  and  tidal  waves.  Barnacles,  SerpalsB  and 
corallines  are  attached  to  many  of  the  bones,  but  I 
neglected  to  observe^  whether  these  might  not  have 
grown  on  them  since  being  exposed  to  the  present  tidal 
action ;  bnt  I  believe  that  some  of  the  barnacles  most 
have  grown  on  the  Soelidotberiam,  soon  after  being 
deposited,  and  before  being  wholly  covered  up  by  the 
gravel.  Besides  the  remains  in  the  condition  here 
described,  I  found  one  single  fragment  of  bone  very 
much  rolled,  and  as  black  as  jet,  so  as  perfectly  to  re- 
semble some  of  the  remains  from  Monte  Hermoso. 

Very  many  of  the  bones  had  been  broken,  abraded, 
and  rolled,  before  being  embedded.  Others,  even  some 
of  those  included  in  the  4*oarBest  parts  of  the  now  hard 
conglomerate,  stUl  retain  all  th^  minutest  promi- 
nences perfectly  preserved;  so  that  I  conclude  that 
they  probably  wore  protected  by  skin,  iesh,  or  ligaments, 
whilst  being  covered  up.  Tn  the  case  of  the  Scelido- 
therium,  it  is  quite  certain  that  the  whole  skeleton 
was  held  together  by  its  ligaments,  when  deposited  in 
the  gravel  in  which  I  found  it.  Some  cervical  vertebrsB 
and  a  humerus  of  corresponding  size  lay  so  close  to- 

*  After  having  packed  up  mj  specimens  at  Batiia  Blanca,  this 
point  occnrred  to  me,  and  I  noted  it ;  but  forgot  it  on  mj  retam, 
until  the  remains  had  been  cleaned  and  oiled :  mj  attention  was 
afterwards  recalled  to  the  subject  by  some  remarks  by  H.  d*Orbigiiy« 
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gether,  as  did  some  ribs  and  the  bones  of  a  leg,  that  I 
thought  that  they  must  originally  have  belonged  to  two 
skeletons,  and  not  have  been  washed  in  single ;  but  as 
remains  were  here  very  numerous,  I  will  not  lay  much 
stress  on  these  two  cases.  We  have  just  seen  that  the 
armour  of  the  Dasypoid  quadimped  was  certainly  em- 
bedded together  with  some  of  the  bones  of  the  feet. 

Professor  Ehrenberg  ^  has  examined  for  me  speci- 
mens of  the  finer  matter  fix>m  in  contact  with  these 
mammiferous  remains :  he  finds  in  them  two  Polygas- 
trica,  decidedly  marine  forms ;  and  six  Phytolitharia, 
of  which  one  is  probably  marine,  and  the  others  either 
of  fresh-water  or  terrestrial  origin.  Only  one  of  these 
eight  microscopical  bodies  is  common  to  the  nine  from 
Monte  Hermoso  :  but  five  of  them  are  in  common  with 
those  from  the  Pampean  mud  on  the  banks  of  the 
Parana.  The  presence  of  any  fresh-water  Infusoria, 
considering  the  aridity  of  the  surrounding  country,  is 
here  remarkable :  the  most  probable  explanation  appears 
to  be,  that  these  microscopical  organisms  were  washed 
out  of  the  adjoining  great  Pampean  formation  during 
its  denudation,  and  afterwards  redepoaited. 

We  will  now  see  what  conclusions  may  be  drawn 
from  the  Tacts  above  detailed.  It  is  certain  that  the 
gravel-beds  and  intermediate  red  mud  were  deposited 
within  the  period,  wh^i  existing  species  of  Mollusca 
held  to  each  other  nearly  the  same  relative  proportions 

'  *  Monatsbericbten  der  konig.  Akad.  zq  Berlin/  April,  1845.    The 
£st  oonsists  of, — 

POLTGASTBICA. 

Gallionella  sulcata.  |  Stanmpteraaspera?  fragm. 

Phttolithabia. 

LUhasteriscQBtnbercnlatiw.  1  SpoDgolithis  aoicolaria 

Idthostylidinm  Clepsaminidiiim. 

»  qiiadratnm. 

99  mdo. 

M  unideDtatwD. 
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as  they  do  on  the  present  coast.  These  beds,  from  the 
number  of  littoral  species,  must  have  been  accumulated 
in  shallow  water ;  but  not,  judging  from  the  stratifica- 
tion of  the  gravel  and  the  layers  of  marl,  on  a  beach. 
From  the  manner  in  which  the  red  clay  fills  up  furrows 
in  the  underlying  gravel,  and  is  in  some  parts  itself 
furrowed  by  the  oyerlying  gravel,  whilst  in  other  parts 
it  either  insensibly  passes  into,  or  alternates  with,  this 
upper  gravel,  we  may  infer  several  local  changes  in  the 
currents,  perhaps  caused  by  slight  changes,  up  or  down, 
in  the  level  of  the  land.  By  the  eleyation  of  these 
beds,  to  which  period  the  alluvial  mantle  with  pumice- 
pebbles,  land  and  sea-shells  belongs,  the  plain  of  Punta 
Alta,  from  twenty  to  thirty  feet  in  height,  was  formed. 
In  this  neighbourhood  there  are  other  and  higher  sea- 
formed  plains  and  lines  of  clifls  in  the  Pampean  forma- 
tion worn  by  the  denuding  action  of  the  waves  at 
different  levels.  Hence  we  can  easily  uncTerstand  the 
presence  of  rounded  masses  of  tosca-rock  in  this  lowest 
plain;  and  likewise,  as  the  cliffs  at  Monte  Hermoeo 
with  their  mammiferous  remains  stand  at  a  higher  level, 
the  presence  of  the  one  much-rolled  fragment  of  bone 
which  was  as  black  as  jet:  possibly  some  few  of  the 
other  much-rolled  bones  may  have  been  similarly  de- 
rived, though  I  saw  only  the  one  fragment,  in  the  same 
condition  with  those  from  Monte  Hermoso.  M.  d'Or- 
bigny  has  suggested  ^  that  all  these  mammiferous 
remains  may  have  been  washed  out  of  the  Pampean 
formation,  and  afterwards  redepoaited  together  with 
the  recent  shells.  Undoubtedly  it  is  a  marvellous  fact 
that  these  numerous  gigantic  quadrupeds,  belongiog, 
with  the  exception  of  the  Equus  cvrvidenSj  to  seven 
extinct  genera,  and  one,  namely,  the  Toxodon,  not 
falling  into  any  existing  family,  should  have  co-existed 

•  •  Vorage,  Part.  G6olog.*  p.  49. 
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with  MoUasca,  all  of  which  are  still  living  species ;  bat 
analogous  facts  have  been  observed  in  N.  America  and 
in  Europe.     In  the  first  place,  it  shonld  not  be  over- 
looked, that  most  of  the  co-embedded  shells  have  a 
more  ancient  and  altered  appearance  than  ihe  bones. 
In  the  second  place,  is  it  probable  that  namerons  bones 
not  hardened  by  silex  or  any  other  mineral,  could  have 
retained  their  delicate  prominences  and  surfaces  perfect 
if  they  had  been  washed  out  of  one  deposit,  and  re- 
embedded  in  another ; — ^this  later  deposit  being  formed 
of  large,  hard  pebbles,  arranged  by  the  action  of  currents 
or  breakers  in  shallow  water  into  variously  curved  and 
inclined  layers  ?    The  bones  which  are  now  in  so  perfect 
a  state  of  preservation,   must,  I  conceive,  have  been 
fresh  and  sound  when  embedded,  and  probably  were 
protected  by  skin,  flesh,  or  ligaments.     The  skeleton  of 
the  Scelidotherium  indisputably  was  deposited  entire : 
shall  we  say  that  when  held  together  by  its  matrix  it 
was  washed  out  of  an  old  gravel -bed  (totally  unlike  in 
character  to  the  Pampean  formation),  and  re-embedded 
in  another  gravel-bed,  composed  (I  speak  after  careful 
comparison)  of  exactly  the  same  kind  of  pebbles,  in 
the  same  kind  of  cement  ?    I  will  lay  no  stress  on  the 
two  cases  of  several  ribs  and  bones  of  the  extremities 
having    apparently  been    embedded    in    their  proper 
relative  position :  but  will  anyone  be  so  bold  as  to  affirm 
that  it  is  possible,  that  a  piece  of  the  thin  tesselated 
armour  of  a  Dasypoid  quadruped,  at  least  three  feet 
long  and  two  in  width,  and  now  so  tender  that  I  was 
unable  with  the  utmost  care  to  extract  a  fragment  more 
than  two  or  three  inches  square,  could  have  been  washed 
out  of  one  bed,  and  re-embedded  in  another,  together 
with  some  of  the  small  bones  of  the  feefc,  without  having 
been  dashed  into  atoms  ?    We  must  then  wholly  reject 
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M.  d'Orbigny '8  sappositioti,  and  admit  as  certain,  that 
the  Scelidotherium  and  the  large  Dasypoid  quadruped, 
and  as  highly  probable,  that  the  Toxodon,  Megatherium, 
&c.,  some  of  the  bones  of  which  are  perfectly  preserved, 
were  embedded  for  the  first  time,  and  in  a  fresh  condi- 
tion, in  the  strata  in  which  they  were  found  entombed. 
These  gigantic  quadrupeds,  therefore,  though  belonging 
to  extinct  genera  and  families,  co-existed  with  the 
twenty  above-enumerated  MoUusca,  the  barnacle  and 
two  corals,  still  living  on  this  coast.  From  the  rolled 
fragment  of  black  bone^  and  from  the  plain  of  Pnnta 
Alta  being  lower  tfaan  that  of  Monte  Hermoso,  I  con- 
clude that  the  coarse  sub-littoral  deposits  of  Punta  Alta, 
are  of  subsequent  origin  to  the  Pampean  mud  of  Monte 
Hermoso ;  and  the  beds  at  this  latter  place,  as  we  have 
seen,  are  probably  of  subsequent  origin  to  the  high 
tosca-plain  round  the  Sierra  Yentana :  we  shall,  how- 
ever, return,  at  the  end  of  this  chapter,  to  the  considera- 
tion of  these  several  stages  in  the  great  Pampean 
formation. 

Buenos  Ayres  to  St.  FS  Bajada  in  Entre  Bios, — 
For  some  distance  northward  of  Buenos  Avres,  the 
escarpment  of  the  Pampean  formation  does  not  approach 
veiy  near  to  the  Plata,  and  it  is  concealed  by  vegeta- 
tion :  but  in  sections  on  the  banks  of  the  Kios  Luxan, 
Areco,  and  Arrecifes,  I  observed  both  pale  and  dark 
reddish  Pampean  mud,  with  small,  whitish  concretions 
of  tosca ;  at  all  these  places  mammiferous  remains  have 
been  found.  In  the  cliffs  on  the  Parana,  at  San  Nicolas, 
the  Pampean  mud  contains  but  little  tosca;  here  M. 
d'Orbigny  found  the  remains  of  two  rodents  (Ctenomys 
BoTiariensis  and  Kerodon  antiquus)  and  the  jaw  of  a 
Canis  :  when  on  the  river  I  could  clearly  distinguish  in 
this  fine  line  of  cli£&,  'horizontal  lines   of  variation 
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both  in  tint  and  compi^tne^s.'^  The  plain. northward  of 
this  point  is  very  le^rel,  bat  with  some  depressions  and 
lakes ;  I  estimated  its  height  at  from  forty  to  sixty  feet 
above  the  Parana.  At  the  A.  Medio  the  bright  red 
Pampean  mud  contains  scarcely  any  tqsca-rock ;  whilst 
at  a  short  distance  the  stream  of  the  Pabon  forms  a 
cascade,  about  twenty  feet  in  Ibeight,  over  a  cavernous 
mass  of  two  varieties  of  tosca-rock ;  of  which  one  is 
very  compact  and  semi-crystalline,  with  seams  of  crys- 
tallised carbonate  of  lime:  similar  compact  varieties 
are  met  with  on  the  Salidillo  and  Seoo.  The  absolute 
identity  (I  speak  after  a  comparison  of  my  specimens) 
between  some  of  these  varieties,  and  those  from  Tapal- 
guen,  and  from  the  ridge  south  of  Bahia  Blanca,  a  dis- 
tance of  400  miles  of  latitude,  is  very  striking. 

At  Rosario  there  is  but  little  tosca-rock  :  near  this 
place  I  first  noticed  at  the  edge  of  the  river  traces  of 
an  underlying  formation,  which,  twenty-five  miles 
higher  up  in  the  estancia  of  Gorodona,  consists  of  a 
pale  yellowish  clay,  abounding  with  concretionary 
cylinders  of  a  ferrugiuons  sandstone.  This  bed,  which 
is  probably  the  equivalent  of  the  older  tertiary  marine 
strata,  immediately  to  be  described  in  Entre  Rios,  only 
just  rises  above  the  level  of  the  Parana  when  low.  The 
rest  of  the  cliff  at  Gorodona,  is  formed  of  red  Pampean 
mud,  with,  in  the  lower  part,  many  concretions  of 
tosca,  some  stalactiformed,  and  with  only  a  few  in  the 
upper  part :  at  the  height  of  six  feet  above  the  river^ 
two  gigantic  skeletons  of  the  Mastodon  Andium  were 
here  embedded ;  their  bones  were  scattered  a  few  feet 
apart,  but  many  of  them  still  held  their  proper  relative 
positions :  they  were  much  decayed  and  as  soft  as  cheese. 

'  I  quote  these  words  from  m j  note-book,  at  written  down  oo 
the  spot,  on  account  of  the  general  absence  of  stratification  in  the 
Pampean  formation  having  been  imtisted  on  by  M.  d'Orbigny  as  a 
proof  of  the  diluvial  origin  of  this  great  deposit. 
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80  that  even  one  of  the  great  molar  teeth  fell  into 
pieces  in  my  hand.  We  here  see  that  the  Pampean 
deposit  contains  mammiferous  i^emains  close  to  its  base. 
On  the  banks  of  the  Carcarana,  a  few  miles  distant,  the 
lowest  bed  visible  was  pale  Pampean  mud,  with  masses 
of  tosca-rock,  in  one  of  which  I  found  a  much  decayed 
to«)th  of  the  Mastodon:  above  this  bed,  there  was  a 
thin  layer  almost  composed  of  small  concretions  of 
white  tosca,  oat  of  which  I  extracted  a  well  preserved, 
but  slightly  broken  tooth  of  Toajactow  Platensis :  above 
this  there  was  an  unusual  bed  of  very  soft  impure  sand- 
stone. In  this  neighbourhood  I  noticed  many  single 
embedded  bones,  and  I  heard  of  others  having  been 
found  in  so  perfect  a  state  that  they  were  long  used  as 
gate-posts :  the  Jesuit  Falkner  found  here  the  dermal 
armour  of  some  gigantic  Edental  quadruped. 

In  some  of  the  red  mud  scraped  from  a  tooth  of 
one  of  the  mastodons  at  Gorodona,  Professor  Ehrenberg 
finds  seven  Polygastrica  and  thirteen  Phytolitharia,*  all 
of  them,  I  believe,  with  two  exceptions,  already  known 
species.  Of  these  twenty,  the  preponderating  number 
are  of  fresh-water  origin ;  only  two  species  of  Coscino- 
discus  and  a  Spongolithis  show  the  direct  influence  of 

>  *  Monatsberichten  der  konig.  Akad.  zn  Berlin/  April,  1845.    The 
list  consists  of : — 

POLTOASTRICA. 


Cnmpylodiscns  clypens. 
Coscinodiscus  snbtilis. 

GallioneUa  grannlata. 
Himantiditim  gi-acile. 
Pinnalaria  borealis. 

Eunotia. 

^b    A  AA  Am  WB  ■  SfVA  AVV      M^^^w  ^^WVAVd'V 

PHYTOL] 

[THABIA. 

Lithasteriscns  tubercnlatus. 
Lithodontium  bnrsa. 

„           fnrcatnm. 

„           rostral  nm. 
Idtbostylidinm  Amphiodon. 

„               Clep- 
mnmidiam. 

Litbostylidium  Hamus. 

„        polyedrum. 

„        qaadratom. 

IP        rude. 

,y        berra. 

n        nniden- 
tatnm. 
Spongolithis  Fastis. 
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the  sea;  therefore  Professor  Ehrenberg  arrives  at  the 
important  conclasion  that  the  deposit  mnst  have  been 
of  brackish-water  origin.  Of  the  thirteea  Phy  tolitharia, 
nine  are  met  with  in  the  two  deposits  in  Bahia  Blanca, 
where  there  is  evidence  from  two  other  species  of 
Polygastrica  that  the  beds  were  accumulated  in  brackish 
water.  The  traces  of  corals,  sponges,  and  Polythalamia, 
found  by  Dr.  Carpenter  in  the  tosca-iDck  (of  which  I 
must  observe  the  greater  number  of  specimens  were 
from  the  upper  beds  in  the  southern  parts  of  the 
formation),  apparently  show  a  more  purely  marine 
origin. 

At  St.  Fe  Bajada,  in  Entre  Rios,  the  cliffs,  esti- 
mated at  between  sixty  and  seventy  feet  in  height, 
expose  an  interesting  section :  the  lower  half  consists 
of  tertiary  strata  with  marine  shells,  and  the  upper  half 
of  the  Pampean  formation.  The  lowest  bed  is  an 
obliquely  laminated,  blackish,  indurated  mud,  with 
distinct  traces  of  vegetable  remains.'  Above  this  there 
is  a  thick  bed  of  yellowish  sandy  clay,  with  much  crys- 
tallised gypsum  and  many  shells  of  Ostreas,  Pectens, 
and  ArcsB :  above  this  there  generally  comes  an  arena* 
ceous  crvstalline  limestone,  but  there  is  sometimes 
interposed  a  bed,  about  twelve  feet  thick,  of  dark  green, 
soapy  clay,  weathering  into  small  angular  fragments. 
The  limestone,  where  purest,  is  white,  highly  crystalline, 
and  full  of  cavities :  it  includes  Efmall  pebbles  of  quartz, 
broken  shells,  teeth  of  sharks,  and  sometimes,  as  I  was 
informed,  large  bones :  it  often  contains  so  much  sand 
cs  to  pass   into  a  calcareous  sandstone,  and  in  such 

I  M.  d'Orbigny  has  given  ('Voyi^^e,  Part.  G^olog.'  p.  37)  a 
derailed  description  of  this  seclion,  but  as  he  d  es  not  mention  this 
lowest  bed,  it  may  have  been  concealed  when  he  was  there  by  the 
river.  There  is  a  considerable  discrepancy  between  his  description 
and  mine,  which  I  can  only  account  for  by  the  beds  themselves 
▼ar3'ing  considerably  in  short  distances. 
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parts  the  great  Ostrea  Patagonica  *  chiefly  abounds. 
Tn  the  npper  part,  the  limestone  alternates  with  layers 
of  fine  white  sand.  The  shells  incladed  in  these  beds 
have  been  named  for  me  by  M.  d'Orbigny ;  they  consist 

of- 


1.  Ostrea    Patagonica,    d'Orbig. 

*  Voyage/  Part.  Pal. 

2.  „  Alvarezii,  do. 

8.  Pecten  Paranensis,  do.  (and 
PI.  IV.  of  this  work,  fig.  30). 

4.  ,,  Darwinianns,  do.  and  PI. 
IV.  of  this  work,  figs.  28,  29. 


5.  Venus      MnnMerii,     d'Orbig. 

•  Voyage,'  Pal 

6.  Area  Bonplandiana,  do. 
7    Cardium  Platense,  do. 

8.  Tellina,  probably  nov.  spec, 
but  too  impeifect  for  de- 
sciiption. 


These  species  are  all  extinct :  the  six  first  were 
found  by  M.  d'Orbigny  and  myself  in  the  formations  of 
the  Rio  Negro,  S.  Josef,  and  other  parts  of  Patagonia  ; 
and  therefore,  as  first  observed  by  M.  d'Orbigny,  these 
beds  certainly  belong  to  the  great  Patagonian  forma- 
tion, which  will  be  described  in  the  ensuing  chapter, 
and  which  we  shall  see  must  be  considered  as  a  very 
ancient  tertiary  one.  North  of  the  Bajada,  M.  d'Orbigny 
found,  in  beds  which  he  considers  as  lyinjg  beneath  the 
strata  here  described,  remains  of  a  Toxodon,  which  he 
has  named  as  a  distinct  species  from  the  T.  Platensis 
of  the  Paropean  formation.  Much  silicified  wood  is 
found  on  the  banks  of  the  Parana  (and  likewise  on  the 
Uruguay),  and  I  was  informed  that  they  come  out  of 
these  lower  beds;  four  specimens  collected  by  myself 
are  dicotyledonous. 

The  upper  half  of  the  cliff,  to  a  thickness  of  about 
thirty  feet,  consists  of  Pampean  mud,  of  which  the 
lower  paii)  is  pale  coloured,  and  the  upper  part  of  a 
brighter  red,  with  some  irregular  layers  of  an  arenaceous 
variety  of  tosca,  and  a  few  small  concretions  of  the 
ordinary  kind.      Close   above   the   marine   limestone, 

*  Capt.  Sulivan  R.N.,  has  given  me  a  specimen  of  this  shell, 
which  he  found  in  the  cliffs  at  Point  Cerrito,  between  twenty  and 
thirty  miles  above  the  Bajada. 
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S.  Gregorio,  which  extend  westward  of  the  Rio  S.  Lucia, 
the  lower  half  is  formed  of  coarse  sand  of  quartz  and 
feldspar  without  mica,  like  that  now  cast  up  on  the 
beach  near  Maldonado ;  and  the  upper  half  of  Pampean 
mud,  varying  in  colour  and  containing  honey-combed 
reins  of  soft  calcareous  matter  and  small  concretions  of 
tosca-rock  arranged  in  lines,  and  likewise  a  few  pebbles 
of  quartz.  This  deposit  fills  up  hollows  and  furrows  in 
the  underlying  sand;  appearing  as  if  water  charged 
with  mud  had  invaded  a  sandy  beach.  These  clifis 
extend  far  westward,  and  at  a  distance  of  sixty  miles, 
near  Colonia  del  Sacramiento,  I  found  the  Pampean 
deposit  resting  in  some  places  on  this  sand,  and  in 
others  on  the  primary  rocks :  between  the  sand  and  the 
reddish  mud,  there  appeared  to  be  interposed,  but  the 
section  was  not  a  very  good  one,  a  thin  bed  of  shells  of 
an  existing  Mytilus,  still  partially  retaining  their  colour. 
The  Pampean  formation  in  Banda  Oriental  might  readily 
be  mistaken  for  an  alluvial  deposit:  compared  with 
that  of  the  Pampas,  it  is  often  more  sandy,  and  con- 
tains small  fragments  of  quartz;  the  concretions  are 
much  smaller,  and  there  are  no  extensive  masses  of 
tosca-rock. 

In  the  extreme  western  parts  of  this  province,  be- 
tween the  Uruguay  and  a  line  drawn  from  Colonia  to 
the  R.  Perdido  (a  tributary  of  the  R.  Negro),  the 
formations  are  far  more  complicated.  Besides  primary 
rocks,  we  meet  with  extensive  tracts  and  many  flat- 
topped,  horizontally  stratified,  clifi^bounded,  isolated 
hills  of  tertiary  strata,  varying  extraordinarily  in 
mineralogical  nature,  some  identical  with  the  old 
marine  beds  of  St.  Fe  Bajada,  and  some  with  those  of 
the  much  more  recent  Pampean  formation.  There  are, 
also,  extensive  lofw  tracts  of  country  covered  with  a 
deposit  containing  mammiferous  remains,  precisely  like 


CHAP.  XI.  Banda  Oriental.  339 

that  just  described  in  the  more  eastern  parts  of  the 
province.  Although  from  the  smooth  and  unbroken 
state  of  the  country,  I  never  obtained  a  section  of  this 
latter  deposit  close  to  the  foot  of  the  higher  tertiary 
hills,  yet  I  have  not  the  least  doubt  that  it  is  of  quite 
subsequent  origin ;  having  been  deposited  after  the  sea 
had  worn  the  tertiary  strata  into  the  cliff-bounded  hills. 
This  later  formation,  which  is  certainly  the  equivalent 
of  that  of  the  Pampas,  is  well  seen  in  the  valleys  in  the 
estancia  of  Berqtielo,  near  Mercedes ;  it  here  consists  of 
reddish  earth,  full  of  rounded  grains  of  quartz,  and 
with  some  small  concretions  of  tosca-rock  arranged  in 
horizontal  lines,  so  as  perfectly  to  resemble,  except  in 
containing  a  little  calcareous  matter,  the  formation  in 
the  eastern  parts  of  Banda  Oriental,  in  Entre  Sios,  and 
at  other  places :  in  this  estancia  the  skeleton  of  a  great 
Edental  quadruped  was  found.  In  the  valley  of  the 
Sarandis,  at  the  distance  of  only  a  few  miles,  this  de- 
posit has  a  somewhat  different  character,  being  whiter, 
softer,  finerrgrained,  /ind  full  of  little  cavities,  and  con- 
sequently of  little  specific  gravity  ;  nor  does  it  contain 
any  concretions  or  calcareous  matter :  I  here  procured 
a  head,  which  when  first  discovered  must  have  been 
quite  perfect,  of  the  Toxodon  PlcUensis,  another  of  a 
Mylodon,*  perhaps  M.  Barwinii^  and  a  large  piece  of 
dermal  armour,  differing  from  that  of  the  Glyptodmi 
davvpes.  These  bones  are  remarkable  from  their  ex- 
traordinarily fresh  appearance ;  when  held  over  a  lamp 
of  spirits  of  wine,  they  give  out  a  strong  odour  and 
bum  with  a  small  flame ;  Mr.  T.  Reeks  has  be^en  so  kind 
as  to  analyse  some  of  the  fragments,  and  he  finds  that 


'-  This  head  was  at  first  considered  by  Professor  Owen  (in  the 
'  Zoology  of  the  Beagle's  Voyage')  as  belonging  to  a  distinct  genus, 
namely,  Glossotherium. 


28 
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they  contain  about  seven  per  cent,  of  animal  matter, 
and  eight  per  cent,  of  water." 

The  older  tertiary  strata,  forming  the  higher  isolated 
hills  and  extensive  tracts  of  country,  vary,  as  I  have 
said,  extraordinarily  in  composition  :  within  the  dis- 
tance of  a  few  miles,  I  sometimes  passed  over  crystalline 
limestone  with  agate,  calcareous  tuffs,  and  marly  rocks, 
all  passing  into  each  other, — red  and  pale  mud  with 
concretions  of  tosca-rock,  quite  like  the  Pampean  for* 
mation, — calcareous  conglomerates  and  sandstones, — 
bright  red  sandstones  passing  either  into  red  con- 
glomerate, or  into  white  sandstone, — hard  siliceous 
sandstones,  jaspery  and  chalcedonic  rocks,  and  numerous 
other  subordinate  varieties.  I  was  unable  to  make  out 
the  relations  of  all  these  strata,  and  will  describe  only 
a  few  distinct  sections : — in  the  cliffs  between  P.  Gorda 
on  the  Uruguay  and  the  A.  de  Vivoras,  the  upper  bed 
is  crystalline  cellular  limestone  oilen  passing  into  cal- 
careous sandstone,  with  impressions  of  some  of  the  same 
shells  as  at  St.  F6  Bajada ;  at  P.  Gorda,*  this  limestone 
is  interstiatiGed  with,  and  rest^on,  white  sand,  which 
covers  a  bed  about  thirty  feet  thick  of  pale-coloured 
clay,  with  many  shells  of  the  great  Ostrea  Patagonica : 
beneath  this,  in  the  vertical  cliff,  nearly  on  a  level  with 
the  river,  there  is  a  bed  of  red  mud  absolntely  like  the 
Pampean  deposit,  with  numerous  often  large  concre- 
tions of  perfectly  characterised  white,  compact  tosca- 
rock.  At  the  mouth  of  the  Vivoras,  the  river  flows 
over  a  pale  cavernous  tosca-rock,  quite  like  that  in  the 

1  Liebi^c  (*  Chemistry  of  Agriculture/ p.  194)  gtates  that  fresh 
dry  bonef  contain  from  thirty -two  to  thirty-three  per  cent,  of  dry 
gelatico.    Soo  also  Dr.  Daubeny  in  *  Edin.  New  PhiL  Joom.'  voL 

TXXwW.  p  JUa. 

*  In  my  'Journal*  (p.  171,  Itt  edit),  I  have  hastily  and  inAccn- 
lately  stated  that  the  Pampean  mud.  which  is  found  over  the  eastern 
tiait  of  B.  Oriental,  lies  orer  the  limestone  at  P.  Gorda ;  I  should 
have  said  that  there  was  reason  to  infer  that  it  was  a  subsequent  or 
anpei^or  deposit. 
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Pampas,  and  this  appeared  to  nnderlie  the  crystalline 
limestone;  but  the  section  was  not  nneqaivocal  like 
that  at  P.  Gorda.  These  beds  now  form  only  a  narrow 
and  much  denuded  strip  of  land ;  but  they  must  once 
have  extended  much  farther ;  for  on  the  next  stream, 
south  of  the  S.  Juan,  Captain  Sulivan,  R.N.,  fonnd  a 
little  cliff,  only  just  above  the  surface  of  the  river,  with 
numerous  shells  of  the  Venus  Muneteriij  d'Orbig., — 
one  of  the  species  occurring  at  St.  F6,  and  of  which 
there  are  casts  at  P.  Gorda:  the  line  of  cliffs  of  the 
subsequently  deposited  true  Pampean  .mud,  extend 
from  Colonia  to  within  half  a  mile  of  this  spot,  and  no 
doubt  once  covered  up  this  denuded  marine  stratum. 
Again  at  Colonia,  a  Frenchman  found,  in  digging  the 
foundations  of  a  house,  a  great  mass  of  the  Ostrea  Pata- 
gonica  (of  which  I  saw  many  fragments),  packed  to- 
gether just  beneath  the  surface,  and  directly  superim- 
posed on  the  gneiss.  These  sections  are  important: 
M.  d'Orbigny  is  unwilling  to  believe  that  beds  of  the 
same  nature  with  the  Pampean  formation  ever  underlie 
the  ancient  marine  tertiary  strata ;  and  I  was  as  much 
surprised  at  it  as  he  could  have  been  ;  but  the  vertical 
cliff  at  P.  Grorda  allowed  of  no  mistake,  and  I  must  be 
permitted  to  affirm,  that  after  having  examined  the 
country  from  the  Colorado  to  St.  F6  Bajada,  I  could  not 
be  deceived  in  the  mineralogical  character  of  the  Pam- 
pean deposit. 

Moreover,  in  a  precipitous  part  of  the  ravine  of 
Las  Bocas,  a  red  sandstone  is  distinctly  seen  to  overlie 
a  thick  bed  of  pale  mud,  also  quite  like  the  Pampean 
formation,  abounding  with  concretions  of  true  tosca- 
ro.k.  This  sandstone  extends  over  many  miles  of 
country :  it  is  as  red  as  the  brightest  volcanic  scorisB  ; 
it  sometimes  passes  into  a  coarse  red  conglomerate 
composed  of  the  underlying  primaiy  rocks ;  and  often 
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passes  into  a  soft  white  sandstone  with  red  streaks. 
At  the  Calera  de  los  Huerfanos,  only  a  quarter  of  a 
mile  south  of  where  I  first  met  with  the  red  sand- 
stone, the  crystalline  white  limestone  is  quarried:  as 
this  bed  is  the  uppermost,  and  as  it  often  passes  into 
calcareous  sandstone,  interstratified  with  pure  sand ; 
and  as  the  red  sandstone  likewise  passes  into  soil  white 
sandstone,  and  is  also  the  uppermost  bed,  I  believe 
that  these  two  beds,  though  so  different,  are  equiva- 
lents. A  few  leagues  southward  of  these  two  places, 
on  each  side  of  the  low  primary  range  of  S.  Juan, 
there  are  some  flat-topped,  cliff-bounded,  separate 
little  hills,  very  similar  to  those  fringing  the  primary 
ranges  in  the  great  plain  south  of  Buenos  Ayres :  they 
are  composed — 1st,  of  calcareous  tuff  with  many  par- 
ticles of  quartz,  sometimes  passing  into  a  coarse  con- 
glomerate; 2nd,  of  a  stone  undistinguishable  on  the 
closest  inspection  from  the  compacter  varieties  of 
tosca-rock;  and  3rd,  of  semi-crystalline  limestone, 
including  nodules  of  agate :  these  three  varieties  pass 
insensibly  into  each  other,  and  as  they  form  the  upper- 
most stratum  in  this  district,  T  believe  that  they,  also, 
are  the  equivalents  of  the  pure  crystalline  limestone, 
and  of  the  red  and  white  sandstones  and  conglomerates. 
Between  these  points  and  Mercedes  on  the  Rio 
Negro,  there  are  scarcely  any  good  sections,  the  road 
passing  over  limestone,  tosca-rock,  calcareous  and 
bright  red  sandstones,  and  near  the  source  of  the  S.  Sal- 
vador over  a  wide  extent  of  jaspery  rocks,  with  much 
milky  agate,  like  that  in  the  limestone  near  S.  Juan. 
In  the  estancia  of  Berquelo,  the  separate,  flat-topped, 
cliff-bounded  hills  are  rather  higher  than  in  other  parts 
of  the  country ;  they  range  in  a  NE.  and  SW.  direc- 
tion ;  their  uppermost  beds  consist  of  the  same  bright 
red  sandstone,  passing  sometimes  into  a  conglomerate, 
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and  in  the  lower  part  into  soft  white  sandstone,  and 
even  into  looue  sand:  beneath  this  sandstone,  I  saw 
in  two  places  layeis  <tf  calcareous  and  marly  rocks,  and 
in  one  place  red  Pampean-like  earth ;  at  the  base  of 
these  sections,  there  was  a  hard,  stratified,  white  sand- 
stone, with  chalcedonic  layers.  Near  Mercedes,  beds 
of  the  same  natore  and  apparently  of  the  same  age,  ars 
associated  with  compact,  white,  crystalline  limestone, 
inclading  mnch  botryoidal  agate,  and  singular  masses, 
like  porcelain,  but  really  composed  of  a  calcareo-sili* 
ceons  paste.  In  sinking  wells  in  this  district  the 
chalcedonic  strata  seem  to  be  the  lowest.  Beds,  such 
as  here  described,  occur  over  the  whole  of  this  neigh* 
boarhood ;  but  twenty  miles  further  up  the  R.  Negro, 
in  the  cliflb  of  Perika,  which  are  about  fifby  feet  in 
height,  the  upper  bed  is  a  prettily  variegtit^d  chalce- 
dony, mingled  with  a  pure  white  tallowy  limestone; 
beneath  this  there  is  a  conglomerate  of  quarts  and 
granite ;  beneath  this  many  sandstones,  some  highly 
calcareous ;  and  the  whole  lower  two-thirds  of  the  cliff 
consist  of  earthy  calcareous  beds  of  various  degrees  of 
purity,  with  one  layer  of  reddish  Pampean-like  mud. 

When  examining  the  agates,  the  chalcedonic  and 
jaspery  rocks,  some  of  the  limestones,  and  even  the 
bright  red  sandstones,  I  was  forcibly  struck  with 
their  resemblance  to  deposits  formed  in  the  neigh« 
bourhood  of  volcauic  action.  I  now  find  that  M. 
Isabelle,  in  his  *  Voyage  ^  Buenos  Ayres,'  has  described 
closely  similar  beds  on  Itaquy  and  Ibicuy  (which  enter 
the  Uruguay  some  way  north  of  theB.  Negro)  and  tliese 
beds  include  fragments  of  red  decomposed  true  scoriee 
hardened  by  zeolite,  and  of  black  retinite:  we  have 
then  here  good  evidence  of  volcanic  action  during  our 
tertiary  period.  Still  farther  north,  near  S.  Anna,' 
"  M.  d'Orbigny,  •  Voyage,  Part.  G^olog.,*  p.  2y. 
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where  the  Parana  makes  a  remarkable  bend,  M. 
Bonpland  found  some  singular  aniygdaloidal  rocks, 
which  perhaps  may  belong  to  this  same  epoch.  I  may 
remark  that,  judging  from  the  size  and  well-ronoded 
condition  of  the  blocks  of  rock  in  the  above-described 
conglomerates,  masses  of  primary  formation  probably 
existed  at  this  tertiary  period  above  water:  there  is, 
also,  according  to  M.  Isabelle,  much  conglomerate 
farther  north,  at  Salto. 

From  whatever  source  and  through  whatever  means 
the  great  Pampean  formation  originated,  we  here  have, 
I  must  repeat,  unequivocal  evidence  of  a  similar 
action  at  a  period  before  that  of  the  deposition  of  the 
marine  tertiary  strata  with  extinct  shells,  at  St.  F6  and 
P.  Gorda.  During  also  the  deposition  of  these  strata, 
we  have  in  the  intercalated  layers  of  red  Pampean-like 
mud  and  tosca-rock,  and  in  the  passage  near  S.  Juan  of 
the  semi-crystalline  limestones  with  agate  into  tosca 
undistinguishable  from  that  of  the  Pampas,  evidence 
of  the  same  action,  though  continued  only  at  intervals 
and  in  a  feeble  manner.  We  have  further  seen  that  in 
this  district,  at  a  peri<xl  not  only  subsequent  to  the  de- 
position of  the  tertiary  strata,  but  to  their  upheavement 
and  most  extensive  denudation,  true  Pampean  mud 
with  its  usual  characters  and  including  mammiferous 
remains,  were  deposited  round  and  between  the  hills 
or  islets  formed  of  these  tertiary  strata,  and  over  the 
whole  eastern  and  low  primary  districts  of  Banda 
Oriental. 

Earihy  masSy  with  extinct  mammiferous  remains^ 
over  the  porph^pitic  gravel  ai  8.  Julian^  lat.  49°  14' 
8.  in  Paiagojiia. — ^This  case,  though  not  coming 
strictly  under  the  Pampean  formation,  may  be  con- 
veniently given  here.  On  the  south  side  of  the 
harbour,  there  is  a  nearly  level   plain  (mentioned  in 
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tlie  dgiith  chapter)  about  ser^i  mUes  long^  and  three  or 
four  milts  wide,  estbsated  at  ninety  feet  in  height,  and 
bordered  fay  perpendicular  cli&,  of  whidi  a  section  is 
here  repupsented. 
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The  lower  old  tertiary  strata  (to  be  described  in  the 
next  chapter)  are  covered  by  the  usual  gravel  bed; 
and  tfaiB  by  an  irregnhir  earthy,  sometimes  sandy  mass, 
seldom  more  than  two  or  three  fe^  in  thickness,  except 
where  it  fills  np  fiirrows  or  gullies  worn  not  only 
through  the  underlying  gravel,  but  even  through  the 
upper  tertiary  beds.  This  earthy  mass  is  of  a  pale 
reddish  colour,  like  the  less  pure  varieties  of  Pampean 
mud  in  Banda  Oriental ;  it  includes  small  calcareous 
concretions,  like  those  of  tosca-rock  but  more  arena* 
ceons,  and  other  concretions  of  a  greenish,  indurated 
argillaceous  substance :  a  few  pebbles,  also,  from  the 
underljring  gravel-bed  are  also  included  in  it,  and  these 
being  occasionally  arranged  in  horizontal  lines,  show 
that  the  mass  is  of  sub-aqueous  origin.  On  the  sur* 
face  and  embedded  in  the  superficial  parts,  there  are 
numerous  shells,  partially  retaining  their  colouss,  of 
three  or  four  of  the  now  commonest  littoral  species. 
Near  the  bottom  of  one  deep  Airrow  (represented  in 
the  diagram),  filled  up  with  this  earthy  deposit,  I 
found  a  large  part  of  the  skeleton  of  the  iiacrawthefMa 
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Patachonica  —  a  gigantic  and  most  extraordinary 
pachyderm,  allied,  according  to  Professor  Owen,  to 
the  PalaBotherium,  but  with  affinities  to  the  Ruminants, 
especially  to  the  American  division  of  the  CamelidsB. 
Several  of  the  vertebraD  in  a  chain,  and  nearly  all  the 
bones  of  one  of  the  limbs,  even  to  the  smallest  bones  of 
the  foot,  were  embedded  in  their  proper  relative  posi- 
tions :  hence  the  skeleton  was  certainly  united  by  its 
ilesh  or  ligaments,  when  enveloped  in  the  mud.  This 
earthy  mass,  with  its  concretions  and  mammiferous 
remains,  filling  up  furrows  in  the  underlying  gravel, 
certainly  presents  a  very  striking  resemblance  to  some 
of  the  sections  (for  instance,  at  P.  Alta  in  B.  Blanca, 
or  at  the  Barrancas  de  S.  Gregorio)  in  the  Pampean 
formation ;  but  I  must*  believe  that  this  resemblance  is 
only  accidental.  I  suspect  that  the  mud  which  at  the 
present  day  is  accumulating  in  deep  and  narrow  gullies 
at  the  head  of  the  harbour,  would,  after  elevation,  pre- 
sent a  very  similar  appearance.  The  southernmost 
part  of  the  true  Pampean  formation,  namely,  on  the 
Colorado,  lies  560  mileer  of  latitude  north  of  this 
point.* 

With  respect  to  the  age  of  the  Macrauchenia,  the 
shells  on  the  surface  prove  that  the  mass  in  which  the 
skeleton  was  enveloped  has  been  elevated  above  the 
sea  within  the  recent  period  :  I  did  not  see  any  of  the 
shells  embedded  at  a  sufiicient  depth  to  assure  me 
(though  it  be  highly  probable)  that  the  whole  thick- 
ness of  the  mass  was  contemporaneous  with  these  tnc2i- 
vidual  specimens.  That  the  Macrauchenia  lived  sub- 
sequently to  the  spreading  out  of  the  gravel  on  this 


*  In  the  sacoeeding  chapter  I  shall  have  to  refer  to  a  great 
deposit  of  extinct  mammiferous  remains,  lately  discovered  by  Capt. 
Sulivan,  R.N.,  at  a  point  still  farther  south,  namely  at  the  B. 
Gullegos ;  their  age  most  at  present  remain  doubtful. 


cHAP.zi.  Mammiferous  Remains  at  S.Julian.  347 

plain  is  certain  ;  and  that  this  gravel,  at  the  height  of 
ninety  feet,  was  spread  out  long  aflber  the  existence  of 
recent  shells,  is  scarcely  less  certain.  For,  it  was 
shown  in  the  eighth  chapter,  that  this  line  of  coast  has 
been  upheaved  with  remarkable  equability,  and  that 
over  a  vast  space  both  north  and  south  of  S.  Julian, 
recent  species  of  shells  are  strewed  on  (or  embedded  in) 
the  surface  of  the  250  feet  plain,  and  of  the  350  feet 
plain  up  to  a  height  of  400  feet.  These  wide  step- 
formed  plains  have  been  formed  by  the  denuding  action 
of  the  coast-waves  on  the  old  tertiary  strata;  and 
therefore,  when  the  surface  of  the  350  feet  plain,  with 
the  shells  on  it,  first  rose  above  the  level  of  the  sea, 
the  250  feet  plain  did  not  exist,  and  its  formation,  as 
well  as  the  spreading  out  of  the  gravel  on  its  summit, 
must  have  taken  place  subsequently.  So  also  the 
denudation  and  the  gravel-covering  of  the  ninety  feet 
plain  must  have  taken  place  subsequently  to  the  eleva- 
tion of  the  250  feet  plain,  on  which  recent  shells  are 
also  strewed.  Hence  there  cannot  be  any  doubt  that 
the  Macrauchenia,  which  certainly  was  entombed  in  a 
fresh  state,  and  which  must  have  been  alive  after  the 
spreading  out  of  the  gravel  on  the  ninety  feet  plain, 
existed,  not  only  subsequently  to  the  upraised  shells  on 
the  surface  of  the  250  feet  plain,  but  also  to  those  on 
the  350  to  400  feet  plain  :  these  shells,  eight  in  number 
(namely,  three  species  of  Mytilus,  two  of  Patella,  one 
Fusus,  Voluta,  and  Balanus),  are  undoubtedly  recent 
species,  and  are  the  commonest  kinds  now  living  on 
this  coast.  At  Punta  Alta  in  B.  Blanca,  I  remarked 
how  marvellous  it  was,  that  the  Toxodon,  a  mammifer 
so  unlike  to  all  known  genera,  should  have  co-existed 
with  twenty-three  still  living  marine  animals ;  and  now 
we  find  that  the  Macrauchenia,  a  quadruped  only  a 
little  less  anomalous  than  the  Toxodon,  also  co-existed 
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with  eight  other  still  existing  MoUasca :  it  should, 
moreover,  be  borne  in  mind,  that  a  tooth  of  a  pachy- 
dermatous animal  was  found  with  the  other  remains  at 
Punta  Alta,  which  Professor  Owen  thinks  almost  cer- 
tainly belonged  to  the  Macrauchenia. 

Mr.  Lyell  ^  has  arrived  at  a  highly  important  con- 
clusion with  respect  to  the  age  of  the  North  American 
extinct  mammifers  (many  of  which  are  closely  allied  to, 
and  even  identical  with,  those  of  the  Pampean  forma- 
tion), namely,  that  they  lived  subsequently  to  the  period 
when  erratic  boulders  were  transported  by  the  agency 
of  floating  ice  in  temperate  latitudes.  Now  in  the 
valley  of  the  San  Cruz,  only  fifty  miles  of  latitude  south 
of  the  spot  where  the  Macrauchenia  was  entombed,  vast 
numbers  of  gigantic,  angular  boulders,  which  must 
have  been  transported  from  the  Coi*dillera  on  icebergs, 
lie  strewed  on  the  plain,  at  the  height  of  1,400  feet 
above  the  level  of  the  sea.  In  ascending  to  this  level, 
several  step-formed  plains  must  be  crossed,  all  of  which 
have  necessarily  required  long  time  for  their  formation ; 
hence  the  lowest  or  ninety  feet  plain,  with  its  super- 
ficial bed  containing  the  remains  of  the  Macrauchenia, 
must  have  been  formed  very  long  subsequently  to  the 
period  when  the  1,400  feet  plain  was  beneath  the  sea, 
and  boulders  were  dropped  on  it  from  floating  masses 
of  ice.'  Mr.  Lyell's  conclusion,  therefore,  is  thus  far 
confirmed  in  the  southern  hemisphere ;  and  it  is  the 
more  important,  as  one  is  naturally  tempted  to  admit 
so  simple  an  explanation,  that  it  was  the  ice-period 
that  caused   the  extinction   of  the  numerous    great 

"  •Geological  Proceedings/  voL  iv.  p.  36. 

'  It  must  not  be  inferred  from  these  remarks,  that  the  ioe-action 
ceased  in  Boath  America  at  this  oouparatively  ancient  period ;  for 
in  Tierm  del  Fnego  boulders  were  probably  transported  contempo- 
raneously with,  if  not  sabaeqnently  to,  the  formation  of  the  ninety 
feet  plain  at  8.  Julian,  and  at  other  parts  of  the  coast  of  Patagonia 
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mammifers  which   so  lately  swarmed    over   the   two 
Americas. 

SuTnmary  and  condvding  remarks  on  the  Pam^ 
pean  Formation, — One  of  its  most  striking  features  is 
its  greiat  extent ;  I  passed  continuously  over  it  from  the 
Colorado  to  St.  F6  Bajada,  a  distance  of  500  geographical 
miles ;  and  M.  d'Orbigny  traced  it  for  250  miles  farther 
north.  In  the  latitude  of  the  Plata,  I  examined  this 
formation  at  intervals  over  an  east  and  west  line  of 
300  miles  from  Maldonado  to  the  Kiver  Carcarana ;  and 
M.  d'Orbigny  believes  it  extends  100  miles  farther 
inland :  from  Mr.  Caldcleugh's  traviels,  however,  I  should 
have  thought  that  it  had  extended,  south  of  the  Gordo- 
vese  range,  to  near  Mendoza,  and  I  may  add  that  I 
heard  of  great  bones  having  been  found  high  up  the 
River  Quinto.  Hence  the  area  of  the  Pampean  forma- 
tion, as  remarked  by  M.  d'Orbigny,  is  probably  at  least 
equal  to  that  of  France,  and  perhaps  twice  or  thrice 
as  great.  In  a  basin,  surrounded  by  gravel-cliff  (at  a 
height  of  nearly  3,000  feet),  south  of  Mendoza,  there 
is,  as  described  in  the  tenth  chapter,  a  deposit  very  like 
the  Pampean,  interstratified  with  other  matter;  and 
again  at  S.  Julian's,  in  Patagonia,  560  miles  south  of 
the  Colorado,  a  small  irregular  bed  of  a  nearly  similar 
nature  contains,  as  we  have  just  seen,  mammiferous 
remains.  In  the  provinces  of  Moxos  and  Chiquitos 
(1,000  miles  northward  of  the  Pampas),  and  in  Bolivia, 
at  a  height  of  4,000  metres,  M.  d'Orbigny  has  described 
similar  deposits,  which  he  believes  to  have  been  formed 
by  the  same  agency  contemporaneously  with  the  Pam- 
pean formation.  Considering  the  immense  distances 
between  these  several  points,  and  their  different  heights, 
it  appears  to  me  infinitely  more  probable,  that  this 
similarity  has  resulted  not  from  contemporaneousness  of 
origin,  but  from  the  similarity  of  the  rocky  framework 


350  Pampean  Formation.  pabt  n. 

of  the  continent :  it  is  known  that  in  Brazil  an  immense 
area  consists  of  gneissic  rocks,  and  we  shall  hereafter 
see,  over  how  great  a  length  the  plutonic  rocks  of  the 
Cordillera,  the  overlying  purple  porphyries,  and  the 
trachytic  ejections,  are  almost  identical  in  nature. 

Three  theories  on  the  origin  of  the  Pampean  forma-> 
tion  have  been  propounded: — First,  that  of  a  great 
debacle  by  M.  d'Orbigny ;  this  seems  founded  chiefly 
on  the  absence  of  stratification,  and  on  the  number  of 
embedded  remains  of  terrestrial  quadrupeds.  Although 
the  Pampean  formation  (like  so  many  argillaceous 
deposits)  is  not  divided  into  distinct  and  separate  strata, 
yet  we  have  seen  that  in  one  good  section  it  was  striped 
with  horizontal  zones  of  colour,  and  that  in  several 
specified  places  the  upper  and  lower  parts  differed,  not 
only  considerably  in  colour,  but  greatly  in  constitution. 
In  the  southern  part  of  the  Pampas  the  upper  mass  (to 
a  certain  extent  stratified)  generally  consists  of  hard 
tosca-rock,  and  the  lower  part  of  red  Pampean  mud, 
often  itself  divided  into  two  or  more  masses,  varying  in 
colour  and  in  the  quantity  of  included  calcareous  matter. 
In  western  Banda  Oriental,  beds  of  a  similar  nature, 
but  of  a  greater  age,  conformably  underlie  and  are 
intercalated  with  the  regularly  stratified  tertiary  forma- 
tion. As  a  general  rule,  the  marly  concretions  are 
arranged  in  horizontal  lines,  sometimes  united  into 
irregular  strata:  surely,  if  the  mud  had  been  tumul- 
tuously  deposited  in  mass,  the  included  calcareous 
matter  would  have  segregated  itself  irregularly,  and 
not  into  nodules  arranged  in  horizontal  lines,  one  above 
the  other  and  often  far  apart :  this  arrangement  appears 
to  me  to  prove  that  mud,  difieriug  slightly  in  composi- 
tion, was  successively  and  quietly  deposited.  On  the 
theory  of  a  debacle,  a  prodigious  amount  of  mud,  with- 
ont  a  single  pebble,  is  supposed  to  have  been  borne  over 
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the  wide  surface  of  the  Pampas,  when  under  water :  on 
the  other  hand,  over  the  whole  of  Patagonia,  the  same 
or  another  debacle  is  supposed  to  have  borne  nothing 
but  gravel, — the  gravel  and  the  fine  mud  in  the  neigh* 
bourhood  of  the  Bios  Negro  and  Colorado  having  been 
borne  to  an  equal  distance  irom  the  Cordillera,  or 
imagined  line  of  disturbance :  assuredly  directly  oppo- 
site effects  ought  not  to  be  attributed  to  the  same 
agency.  Where,  again,  could  a  mass  of  fine  sediment, 
charged  with  calcareous  matter  in  a  fit  state  for  chemi- 
cal segregation,  and  in  quantity  sufficient  to  cover  an 
area  at  least  750  miles  long,  and  400  miles  broad,  to  a 
depth  of  from  twenty  or  thirty  feet  to  a  hundred  feet, 
have  been  accumulated,  ready  to  be  transported  by  the 
supposed  debacle?  To  my  mind  it  is  little  short  of 
demonstration,  that  a  great  lapse  of  time  was  necessary 
for  the  production  and  deposition  of  the  enormous 
amount  of  mud-like  matter  forming  the  Pampas ;  nor 
should  I  have  noticed  the  theory  of  a  debacle,  had 
it  not  been  adduced  by  a  naturalist  so  eminent  as 
M.  d'Orbigny. 

A  second  theory,  first  suggested,  I  believe,  by  Sir 
W.  Parish,  is  that  the  Pampean  formation  was  thrown 
down  on  low  and  marshy  plains  by  the  rivers  of  this 
country  before  they  assumed  their  present  courses. 
The  appearaif^B  and  composition  of  the  deposit,  the 
manner  in  w&Ich  it  slopes  up  and  round  the  primary 
ranges,  the  nature  of  the  underlying  marine  beds,  the 
estuary  and  sea-shells  on  the  surface,  the  overlying 
sandstone  beds  at  M.  Hermoso,  are  all  quite  opposed 
to  this  view.  Nor  do  I  believe  that  there  is  a  single 
instance  of  a  skeleton  of  one  of  the  extinct  mammifers 
having  been  found  in  an  upright  position,  as  if  it  had 
been  mired. 

The  third  theory,  of  the  truth  of  which  I  cannot 
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enterfcaiQ  the  smallest  doubt,  is  that  the  Pampean  for- 
mation was  slowly  accumalated  at  the  mouth  of  the 
former  estuary  of  the  Plata  and  in  the  sea  adjoining  it. 
I  have  come  to  this  conclusion  from  the  reasons  assigned 
against  the  two  foregoing  theories,  and  from  simple 
geographical  considerations.  From  the  numerous  shells 
of  the  Azara  Idbiata  lying  loose  on  the  surface  of  the 
plains,  and  near  Buenos  Ayres  embedded  in  the  tosca- 
rock,  we  know  that  this  formation  not  only  was  formerly 
covered  by,  but  that  the  uppermost  parts  were  deposited 
in,  the  brackish  water  of  the  ancient  La  Plata.  South- 
ward and  seaward  of  Buenos  Ayres,  the  plains  were 
npheaved  from  under  water  inhabited  by  true  marine 
shells.  We  further  know  from  Professor  Ehreniberg  s 
examination  of  the  twenty  microscopical  organisms  in 
the  mud  round  the  tooth  of  the  Mastodon  high  up  the 
course  of  the  Parana,  that  the  bottom-moat  part  of 
this  formation  was  of  brackish- water  origin.  A  similar 
conclusion  must  be  extended  to  the  beds  of  like  com- 
position, at  the  level  of  the  sea  and  under  it,  at 
M.  Hermoso  in  Bahia  Blanca.  Dr.  Carpenter  finds 
that  the  harder  varieties  of  tosca-rock,  collected  chiefly 
to  the  south,  contain  marine  spongoid  bodies,  minute 
fragments  of  shells,  corals,  and  Polythalamia ;  these 
perhaps  may  have  been  drifted  inwards  by  the  tides, 
from  the  more  open  parts  of  the  sea.  The  absence  of 
shells,  throughout  this  deposit,  with  the  exception  of 
the  uppermost  layers  near  Buenos  Ayres,  is  a  remark- 
able fact :  can  it  be  explained  by  the  brackish  condition 
of  the  water,  or  by  the  deep  mud  at  the  bottom  ?  I 
have  stated  that  both  the  reddish  mod  and  the  conci^* 
tions  of  tosca-rock  ore  often  penetrated  by  minute, 
linear  cavities,  such  as  frequently  may  be  observed  in 
fresh-water  calcareous  deposits  :-^were  they  produced 
by  the  burrowing  of  small  worms  ?     Only  on  this  view 
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of  the  Pampean  formation  having  been  of  estuary 
origin,  can  the  extraordinary  numbers  (presently  to  b« 
alluded  to)  of  the  embedded  mammiferous  remains  be 
explained.' 

With  respect  to  the  first  origin  of  the  reddish  mud, 
1  will  only  remark,  that  the  enormous  area  of  Brazil 
consists  in  chief  part  of  gneissic  and  other  granitic  rocks, 
which  have  suffered  decomposition,  and  been  converted 
into  a  red,  gritty,  argillaceous  mass,  to  a  greater  depth 
than  in  any  other  country  which  I  have  seen.  The 
mixture  of  rounded  grains,  and  even  of  small  fragments 
and  pebbles  of  quartz,  in  the  Pampean  mud  of  Banda 
Oriental,  is  evidently  due  to  the  neighbouring  and 
underlying  primary  rocks.  The  estuary  mud  was  drifted 
duriqg  the  Pampean  period  in  a  much  more  southerly 
source,  owing  probably  to  the  east  and  west  primary 
ridges  south  of  the  Plata  not  having  been  then  elevated, 
than  the  mud  of  the  Plata  at  present  is;  for  it  was 
formerly  deposited  as  far  south  as  the  Colorado.  The 
quantity  of  calcareous  matter  in  this  formation,  espe- 
cially in  those  large  districts  where  the  whole  mass 
passes  into  tosca-rock,  is  very  great:  I  have  already 
remarked  on  the  close  resemblance  in  external  and 
microscopical  appearance  between  this  tosca-rock  and 
the  strata  at  Coquimbo,  which  have  certainly  resulted 
fix)m  the  decay  and  attrition  of  recent  shells :  ■  I  dare 

>  It  is  almost  superfluous  to  give  the  nameroas  cases  (for  instance, 
in  Sumatra;  Lyeil's  ' Principks/ vol.  iil  p.  825,  sixth  edit.)  of  the 
carcases  of  animals  having  been  waf  hcd  out  to  sea  by  swollen  rivers ; 
but  I  may  refer  to  a  recent  account  by  Mr.  liet  tington  (*  Asiatic  Soc' 
1845,  June  2l8t),  of  oxen,  deer,  and  bears  being  carried  into  the 
Gulf  of  Cambray ;  see,  also,  the  account  in  my  *  Journal '  (2nd  edit, 
p.  133}  of  the  numbers  of  animals  drowned  in  the  Plata  during  the 
great,  often  recurrent,  droughts. 

'  I  may  add,  that  there  are  nearly  similar  supcr^cial  calcareous 
beds  at  King  George's  Sound  in  Australia  ;  and  these  undoubtedly 
have  been  found  by  the  disintegration  of  marine  remains  (see  Chap- 
ter yn.).  There  is,  however,  something  very  remarkable  in  the 
frequency  of  superficial,  thin  beds  of  earthy  calcareous  matter,  in 
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not,  however,  extend  this  conclusion  to  the  calcareous 
rocks  of  the  Pampas,  more  especially  as  the  underlying 
tertiary  strata  in  Western  Banda  Oriental  show  that  at 
that  period  there  was  a  copious  emission  of  carbonate 
of  lime  in  connection  with  volcanic  action. 

The  Pampean  formation,  judging  from  its  similar 
composition,  and  from  the  apparent  absolute  specific 
identity  of  some  of  its  mammiferous  remains,  and  from 
the  generic  resemblance  of  others,  belongs  over  its  vast 
area — ^throughout  Banda  Oriental,  Entre  Rios,  and  the 
wide  extent  of  the  Pampas  as  far  south  as  the  Colorado, 
— to  the  same  geological  epoch.  The  mammiferous 
remains  occur  at  all  depths  from  the  top  to  the  bottom 
ot  the  deposit;  and  I  may  add  that  nowhere  in  the 
Pampas  is  there  any  appearance  of  much  superficial 
denudation:  some  bones  which  I  found  near  the 
Guardia  del  Monte  were  embedded  close  to  the  surface : 
and  this  appears  to  have  been  the  case  with  many  of 
those  discovered  in  Banda  Oriental :  on  the  Matanzas, 
twenty  miles  south  of  Buenos  Ayres,  a  Glyptodon  was 
embedded  five  feet  beneath  the  surface ;  numerous 
remains  were  found  by  S.  Maniz,  near  Luxan,  at  an 
average  depth  of  eighteen  feet;  in  Buenos  Ayres  a 
skeleton  was  disinterred  at  sixty  feet  depth,  and  on  the 
Parana  I  have  descried  two  skeletons  of  the  Mastodon 
only  five  or  six  feet  above  the  very  base  of  the  deposit. 
With  respect  to  the  age  of  this  formation,  as  judged  of 
by  the  ordinary  standard  of  the  existence  of  MoUusca, 

districts  where  the  surrounding  rocks  are  not  calcareous.  Mnjor 
Charters  in  a  Paper  read  before  the  Ro3'al  Geographical  Society 
(April  13th,  1840,  and  abstracted  in  the  '  Athensum/  p.  317),  states 
that  this  is  the  case  in  parts  of  Mexico,  and  that  he  has  observed 
similar  appearances  in  manj  parts  of  South  Africa.  The  circum* 
stance  of  the  uppermost  stratum  round  the  rugged  Sierra  Ventana 
consisting  of  calcareous  or  marlj  matter,  without  any  coyering  of 
alluvial  matter,  strikes  me  as  very  singular,  in  whatever  mann  r  wt 
▼lew  the  deposition  and  elevation  of  the  Pumpean  formation. 
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the  onlj  eridence  witlim  the  limits  of  the  troe  Pampas 
which  is  ar  all  tmsnronhir  is  a£^:«d€d  by  the  stLl  liring 
Azara  la//uiia  being  embedded  in  tosca-roek  near 
Baenos  Avres.  Ar  Puata  Alta,  however,  we  hare  seen 
that  several  of  the  extinct  mammifers,  most  character- 
istic of  the  Pampean  formation,  oo-existed  with  twenty 
species  of  Mollosca,  a  barnacle  and  two  corals  all  still 
living  on  this  san>e  coast ; — tor  when  we  remember 
that  the  shelb  have  a  more  ancient  appearance  than 
the  bones ;  that  many  of  the  bones,  though  embedded 
in  a  coarse  conglomerate,  are  perfectly  preserved ;  that 
almost  all  the  parts  of  the  skeleton  of  the  Scelidothe- 
riom,  even  to  the  knee-cap,  were  lying  in  their  proper 
relative  positions ;  and  that  a  large  piece  of  the  fragile 
dermal  armour  of  a  Dasypoid  qaadruped,  connected 
with  some  of  the  bones  of  the  foot,  had  been  entombed 
in  a  condition  allowing  the  two  sides  to  be  doubled 
together,  it  must  assuredly  be  admitted  that  these 
mammiferons  remains  were  embedded  in  a  fresh  state, 
and  therefore  that  the  living  animals  co-existed  with 
the  co-embedded  sheUs.  Moreover,  the  MacrauclienidL 
PaiachoTiica  (of  which,  according  to  Professor  Owen, 
remains  also  occur  in  the  Pampas  of  Buenos  Ayres,  and 
at  Punta  Alta)  has  been  shown  by  satisfactory  evidence 
of  another  kind  to  have  lived  on  the  plains  of  Pata* 
gonia  long  after  the  period  when  the  adjoining  sea  was 
first  tenanted  by  its  present  commonest  molluscous 
animals.  We  must,  therefore,  conclude  that  the  Pam* 
pean  formation  belougs,  in  the  ordinary  geological 
sense  of  the  word,  to  the  Recent  Period.^ 

At  St.  Fe  Bajada,  the  Pampean  estuary  formation, 
with  its  mammiferons  remains,   conformably  overlies 

•  M.  d'Orbigny  believes  (*  Voyage,  Part.  Geolog.'  p.  81)  that  this 
formation,  thongb  *  tree  voisine  de  la  Dotre,  est  ntenmouiB  de  beaa* 
eonp  ant^fienre  4  iiotre  creatioB.' 

21 
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the  marine  tertiary  strata,  which  (as  first  shown  by 
M.  d'Orbigny)  are  contemporaneous  with  those  of 
Patagonia,  and  which,  as  we  shall  hereafter  see,  belong 
to  a  very  ancient  tertiary  stage.  When  examining  the 
junction  between  these  two  formations,  I  thought  that 
the  concretionary  layer  of  marl  marked  a  passage  be- 
tween the  marine  and  estuary  stages.  M.  d'Orbigny 
disputes  this  view  (as  given  in  my  Journal),  and  I  admit 
that  it  is  erroneous,  though  in  some  degree  excusable, 
from  their  conformability  and  from  both  abounding 
with  calcareous  matter.  It  would,  indeed,  have  been  a 
great  anomaly  if  there  had  been  a  true  passage  between 
a  deposit  contemporaneous  with  existing  species  of 
MoUusca,  and  one  in  which  all  the  MoUusca  appear  to 
be  extinct.  Northward  of  St.  Fe,  M.  d'Orbigny  met 
with  ferruginous  sandstones,  marly  rocks,  and  other 
beds,  which  he  considers  as  a  distinct  and  lower  forma- 
tion ;  but  the  evidence  that  they  are  not  parts  of  the 
same,  with  an  altered  mineralogical  character,  does  not 
appear  to  me  quite  satisfactory. 

.  In  Western  Banda  Oriental,  whilst  the  marine  ter- 
tiary strata  were  accumulating,  there  were  volcanic 
eruptions,  much  silex  and  lime  were  precipitated  from 
solution,  coarse  conglomerates  were  formed,  being  de- 
rived probably  from  adjoining  land,  and  layers  of  red 
mud  and  marly  rocks,  like  those  of  the  Pampean  for* 
mation,  were  occasionally  deposited.  The  true  Pampean 
deposit,  with  mammiferons  remains,  instead  of  as  at 
St.  F6  overlying  conformably  the  tertiary  strata,  is 
here  seen  at  a  lower  level  folding  round  and  between 
the  fiat-topped,  cliiT-bounded  hills,  formed  by  the  up- 
heaval and  denudation  of  these  same  tertiary  strata. 
The  upheaval,  having  occurred  here  earlier  than  at 
St.  F6,  may  be  naturally  accounted  for  by  the  contem- 
poraneous volcanic  action.    At  the  Barrancas  de  S. 
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Gregorio,  the  Pampean  deposit,  as  we  have  seen,  over- 
lies and  fills  up  furrows  in  coarse  sand,  precisely  like 
that  now  accumulating  on  the  shores  near  the  mouth  of 
the  Plata.  I  can  hardly  believe  that  this  loose  and 
coarse  sand  is  contemporaneous  with  the  old  tertiary 
and  ofben  crystalline  strata  of  the  more  western  parts 
of  the  province;  and  am  induced  to  suspect  that  it  is 
of  subsequent  origin.  If  that  section  near  Colonia 
could  be  implicitly  trusted,  in  which,  at  a  height  of 
only  fifteen  feet  above  the  Plata,  a  bed  of  fresh-looking 
mussels,  of  an  existing  littorcd  species,  appeared  to  lie 
between  the  sand  and  the  Pampean  mud,  I  should  con« 
elude  that  Banda  Oriental  must  have  stood,  when  the 
coarse  sand  was  accumulating,  at  only  a  little  below  it-a 
present  level,  and  had  then  subsided,  allowing  the 
estuary  Pampean  mud  to  cover  far  and  wide  its  surface 
up  to  a  height  of  some  hundred  feet ;  and  that  after 
this  subsidence  the  province  had  been  uplifted  to  its 
present  level. 

In  Western  Banda  Oriental,  we  know,  from  two 
unequivocal  sections,  that  there  is  a  mass,  absolutely 
undistinguishable  from  the  true  Pampean  deposit,  be- 
neath the  old  tertiary  strata.  This  inferior  mass  must 
be  very  much  more  ancient  than  the  upper  deposit  with 
its  mammiferous  remains,  for  it  lies  beneath  the  ter- 
tiary strata  in  which  all  the  shells  are  extinct.  Never- 
theless, the  lower  and  upper  masses,  as  well  as  some 
intermediate  layers,  are  so  similar  in  mineralogical 
character,  that  I  cannot  doubt  that  they  are  all  of 
estuary  origin,  and  have  been  derived  from  the  same 
great  source.  At  first  it  appeared  to  me  extremely 
improbable  that  mud  of  the  same  nature  should  have 
been  deposited  on  nearly  the  same  spot,  during  an 
immense  lapse  of  time,  namely,  from  a  period  equiva- 
lent perhaps  to  the  Eocene  of  Europe  to  that  of  the 
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Pampean  formation.  But  as,  at  the  very  commencement 
of  the  Pampean  period,  if  not  at  a  still  earlier  period, 
the  Sierra  Ventana  formed  a  boundary  to  the  south, — 
the  Cordillera  or  the  plains  in  front  of  them  to  the 
west, — the  whole  province  of  Corrientes  probably  to 
the  north,  for,  according  to  M.  d'Orbigny,  it  is  not 
covered  by  the  Pampean  deposit, — and  Brazil,  as  known 
by  the  remains  in  the  caves,  to  the  north-east ;  and  as 
again,  during  the  older  tertiary  period,  land  already 
existed  in  Western  Banda  Oriental  and  near  St.  F6 
Bajada,  as  may  be  inferred  from  the  vegetable  debris, 
from  the  quantities  of  silicified  wood,  and  from  the 
remains  of  a  Toxodon  found,  according  to  M.  d'Orbigny, 
in  still  lower  strata,  we  may  conclude  that  at  this  an- 
cient period  a  great  expanse  of  water  was  surrounded 
by  the  same  rocky  framework  which  now  bounds  the 
plains  of  Pampean  formation.  This  having  been  the 
case,  the  circumstance  of  sediment  of  the  same  nature 
having  been  deposited  in  the  same  area  during  an  im- 
mense lapse  of  time,  though  highly  remarkable,  does 
not  appear  incredible. 

The  elevation  of  the  Pampas,  at  least  of  the  southern 
parts,  has  been  slow  and  interrupted  by  several  periods 
of  rest,  as  may  be  inferred  from  the  plains,  cliffs,  and 
lines  of  sand-dunes  (with  shells  and  pumice-pebbles) 
standing  at  different  heights,  I  believe,  also,  that  the 
Pampean  mud  continued  to  be  deposited,  after  parts  of 
this  formation  had  already  been  elevated,  in  the  same 
manner  as  mud  would  continue  to  be  deposited  in  the 
estuary  of  the  Plata,  if  the  mud-banks  on  its  shores 
were  now  uplifted  and  changed  into  plains :  I  believe 
in  this  from  the  improbability  of  so  many  skeletons 
and  bones  having  been  accumulated  at  one  spot,  where 
M.  Hermoso  now  stands,  at  a  depth  of  between  800  and 
1,000  feet,  and  at  a  vast  distance  from  any  land  except 
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small  rocky  islets, —  as  must  have  fceen  the  case,  if  the 
high  tosca-plain  round  the  Ventana  and  adjoining 
Sierras,  had  not  been  ali^eady  uplifted  and  converted 
into  land,  supporting  mammiferous  animals.  At  Punta 
Alta  we  have  good  evidence  that  the  gravel-strata, 
which  certainly  belong  to  the  true  Pampean  period, 
were  accumulated  after  the  elevation  in  that  neighbour- 
hood of  the  main  part  of  the  Pampean  deposit,  whence 
the  rounded  masses  of  tosca-rock  were  derived,  and 
that  rolled  fragment  of  black  bone  in  the  same  peculiar 
condition  with  the  remains  at  Monte  Hermoso. 

• 

The  number  of  the  mammiferous  remains  embedded 
in  the  Pampas  is,  as  I  have  remarked,  wonderful;  it 
should  be  borne  in  mind  that  they  have  almost  exclu- 
sively been  found  in  the  cli£fs  and  steep  banks  of  rivers, 
and  that,  until  lately,  they  excited  no  attention  amongst 
the   inhabitants;  I  am  firmly   convinced   that  a  deep 
trench  could  not  be  cut  in  any  line  across  the  Pampas, 
without  intersecting  the  remains  of  some  quadruped. 
It  is  difficult  to  form  an  opinion  in  what  part  of  the 
Pampas  they  are  most  numerous ;  in   a  limited  spot 
they  could  not  well   have  been  more  numerous  than 
they  were  at  P.  Alta ;  the  number,  however,  lately  found 
by  Senor  F.  Muniz,  near  Liizan,  in  a  central  spot  in 
the  Pampas,  is  extraordinarily  great:   at  the  end  of. 
this  chapter  I  will  give   a  list  of  all  the  localities  at 
which  I  have  heard  of  remains  having  been  discovered. 
Very  frequently  the  remains  consist  of  almost  perfect 
skeletons ;  but  there  are,  also,  numerous  single  bones, 
as  for  instance  at  St.  F6.     Their  state  of  preservation 
varies  much,  even  when  embedded  near  each  other :  I 
saw  none  others  so  perfectly  preserved  as  the  heads  of 
the  Toxodon  and  Mylodon  from  the  white  soft  earthy 
bed  on  the  Sarandis  in  Banda  Oriental.  It  is  remarkable 
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that  in  two  limitecL  sections  I  foand  no  less  than  five 
teeth  separately  embedded,  and  I  heard  of  teeth  having 
been  similarly  found  in  other  parts :  may  we  suppose 
that  the  skeletons  or  heads  were  for  a  long  time  gently 
drifted  by  currents  over  the  soft  muddy  bottom,  and 
that  the  teeth   occasionally,  here  and  there,  dropped 

out? 

It  may  be  naturally  asked,  where  did  these  numerous 
animals   live  ?      From  the   remarkable   discoveries  of 
MM.  Lund  and  Clausen,  it  appears  that  some  of  the 
species  found  in  the  Pampas  inhabited  the  high-lands 
of  Brazil :  the  Mastodon  Andium  is  embedded  at  great 
heights  in  the  Cordillera  from  north  of  the  equator  ^  to 
at  least  as  far  south  as  Tarija;  and  as  there  is  no  higher 
land,  there  can  be  little  doubt  that  this  Mastodon  must 
have  lived  on  the  plains  and  valleys  of  that  great  range. 
These  countries,   however,  appear  too  far   distant   for 
the   habitation   of  the    individuals    entombed   in   the 
Pampas :  we  must  probably  look  to  nearer  points,  for 
instance  to  the  province  of  Corrientes,  which,  as  already 
remarked,  is  said  not  to  be  covered  by  the  Pampean 
formation,   and   may   therefore,   at  the   period   of  its 
deposition,  have  existed  as  dry  land.     I  have  already 
given  my  reasons  for  believing  that  the  animals  em- 
bedded at  M.  Hermoso  and  at  P.  Alta  in  Bahia  Blanca, 
lived  on  adjoining  land,  formed  of  parts  of  the  already 
elevated  Pampean  deposit.     With  respect  to  the  food 
of  these  many  great  extinct  quadrupeds,  I   will  not 
repeat  the  facts  given  in  my  Journal  (second  edit.  p.  85), 
showing  that  there  is  no  correlation  between  the  luxuri- 
ance of  the  vegetation  of  a  country  and  the  size  of  its 

*  Huraboldt  states  that  the  Mastodon  has  been  discovered  in 
New  Granacla ;  it  has  bccu  found  in  Quito  When  at  Lima,  I  saw  a 
tooth  of  a  Mastodon  in  the  possession  of  Don  M.  Rivero,  foand  at 
Plaja  Chica  on  the  Maranon,  near  the  Goallaga  Every  one  has 
hr  Afd  of  the  rum^ion^  rrnnins  of  Mastodon  in  Bolivia. 
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mammiferoua  inhabitants.  I  do  not  doubt  that  large 
animals  could  now  exist,  as  far  as  the  amount,  not  kind, 
of  vegetation  is  concerned,  on  the  sterile  plains  of  Bahia 
Blanca  and  of  the  R.  Negro,  as  well  as  on  the  equally 
if  not  more  sterile  plains  of  Southern  Africa.  The 
climate,  however,  may  perhaps  have  somewhat  deterior- 
ated since  the  mammifers  embedded  at  Bahia  Blanca 
lived  there ;  for  we  must  not  infer,  from  the  continued 
existence  of  the  same  shells  on  the  present  coasts,  that 
there  has  been  no  change  in  climate ;  for  several  of 
these  shells  now  range  northward  along  the  shores  of 
Brazil,  where  the  most  luxuriant  vegetation  flourishes 
under  a  tropical  temperature.  With  respect  to  the 
extinction,  which  at  first  fills  the  mind  with  astonish- 
ment, of  the  many  great  and  small  mammifers  of  this 
period,  I  may  also  refer  to  the  work  above  cited  (second 
edit.  p.  173j,in  which  I  have  endeavoured  to  show  that, 
however  unable  we  may  be  fo  explain  the  precise  cause, 
we  ought  not  properly  to  feel  more  surprised  at  a  species 
becoming  extinct  than  at  one  being  rare ;  and  yet  we 
are  accustomed  to  view  the  rarity  of  any  particular 
species  as  an  ordinary  event,  not  requiring  any  extra- 
ordinary ageT>cy. 

The  several  mammifers  embedded  in  the  Pampean 
formation,  which  mostly  belong  to  extinct  genera,  and 
some  even  to  extinct  families  or  orders,  and  which  differ 
nearly,  if  not  quite,  as  much  as  do  the  Eocene  mammifers 
of  Europe  from  living  quadrupeds  having  existed  con- 
temporaneously with  Mollusca,  all  still  inhabiting  the 
adjoining  sea,  is  certainly  a  most  striking  fact.  It  is, 
however,  far  from  being  an  isolated  one ;  for,  during 
the  late  tertiary  deposits  of  Britain,  an  elephant,  rhi- 
noceros, and  hippopotamus  co-existed  with  iflany  recent 
land  and  fresh-water  shells ;  and,  in  North  America, 
we  have  the  best  evidence  that  a  mastodon,  elephant, 


l62  Pampean  Formation :  pabt  n. 


megatherium,  megalonyx,  mylodon,  an  extinct  horse 
and  ox,  likewise  co-existed  with  numerous  land,  fresh- 
water, and  marine  recent  shells.^  The  enumeration  of 
these  extinct  North  American  animals  naturally  leads 
me  to  refer  to  the  former  closer  relation  of  the 
mammiferous  inhabitants  of  the  two  Americas,  which 
I  have  discussed  in  my  Journal,  and  likewise  to  the 
vast  extent  of  country  over  which  some  of  them  ranged: 
thus  the  same  species  of  the  Megatherium,  Megalonyx^ 
Equus  (as  far  as  the  state  of  their  remains  permits  of 
identi6cation),  extended  from  the  Southern  United 
States  of  North  America  to  Bahia  Blanca,  in  lat.  39^  S., 
on  the  coast  of  Patagonia.  The  fact  of  these  animals 
having  inhabit/ed  tropical  and  temperate  regions  does 
not  appear  to  me  any  great  difficulty,  seeing  that  at 
the  Cape  of  Good  Hope  several  quadrupeds,  such  as  the 
elephant  and  hippopotamus,  range  from  the  equator  to 
lat.  85°  south.  The  case  of  the  Mastodon  Andium  is 
one  of  more  difficulty,  for  it  is  found  from  lat.  36°  S-, 
over,  as  I  have  reason  to  believe,  nearly  the  whole  of 
Brazil,  and  up  the  Cordillera,  to  regions  which,  according 
to  M.  d'Orbigny,  border  on  perpetual  snow,  and  which 
are  almost  destitute  of  vegetation :  undoubtedly  the 
climate  of  the  Cordillera  must  have  been  di£ferent  when 
the  mastodon  inhabited  it;  but  we  should  not  forget 
the  case  of  the  Siberian  mammoth  and  rhinoceros,  as 
showing  how  severe  a  climate  the  larger  pachydermata 
can  endure ;  nor  overlook  the  fact  of  the  gnanaco  rang- 
ing at  the  present  day  over  the  hot  low  deserts  of  Peru, 
the  lofty  pinnacles  of  the  Cordillera,  and  the  damp 
forest-clad  land  of  Southern   Tierra  del  Fuego;  the 

• 

*  Many  original  observations,  and  a  saminary  on  this  subject,  are 
given  in  Mr.'LyeU's  paper  in  the  'Geolog.  Proc.'  vol.  iv.  p.  3,  and  in 
bis  '  Traxels  in  North  America,'  vol.  i.  p.  164,  and  vol.  ii.  p.  60.  For 
the  European  analogous  ca^es,  see  Mr.  Lyell's '  Principles  of  Geology* 
(6th  edit.)  vol.  i.  p.  137. 
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puma,  also,  is  found  from  the  equator  to  the  Strait  of 
Magellan,  and  I  have  seen  its  footsteps  only  a  little 
below  the  limits  of  perpetual  snow  in  the  Cordillera  of 
ChUe. 

At  the  period,  so  recent  in  a  geological  sense,  when 
the^e  extinct  mammifers  existed,  the  two  Americas 
must  have  swarmed  with  quadrupeds,  many  of  them 
of  gigantic  size;  for,  besides  those  more  particularly 
referred  to  in  this  chapter,  we  mast  include  in  this 
came  period  those  wonderfully  numerous  remains,  some 
few  of  them  specifically,  and  others  generically  related 
to  those  of  the  Pampas,  discovered  by  MM.  Lund  and 
Clausen  in  the  caves  of  Brazil.  Finally,  the  facts  here 
given  show  how  cautious  we  ought  to  be  in  judging  of 
the  antiquity  of  a  formation  from  even  a  great  amount 
of  difference  between  the  extinct  and  living  species  in 
any  one  class  of  animals ; — we  ought  even  to  be  cautious 
in  accepting  the  general  proposition,  that  change  in 
organic  forms  and  lapse  of  time  are  at  all,  necessarily, 
correlatives. 


SUPPLEMENT. 

On    the    Thickness  of  the  Pampean  Formation^   near 

Buenos  Ayres. 

Bepablished  from  the  *  Proc.  of  the  Geological  Hoc.'  Dec  3, 1862. 

M.  Sourdeaux  and  J.  Coghlan,  Esq.,  C.E.,  have  had  the 
kindness  to  send  me,  through  E.  B.  Webb,  Esq.,  C.E., 
some  excellent  sections  of,  and  specimens  firom,  two 
artesian  wells  lately  made  at  Buenos  Ayres.  I  beg 
permission  to  present  these  specimens  to  the  Geological 
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Society,  as  they  would  be  of  considerable  service  to  any 
one  investigating  the  geology  of  that  country.  The 
Pampean  formation  is  in  several  respects  so  interesting, 
from  containing  an  extraordinary  number  of  the  remains 
of  various  extinct  Mammifers,  such  as  Megatherivm^ 
Mylodon,  Mastodon y  Toxodon^  &c.,  and  from  its  great 
extent,  stretching  in  a  north  and  south  line  for  at  least 
750  geographical  miles,  and  covering  an  area  fully 
equal  to  that  of  France,  that,  as  it  appears  to  me,  a 
record  ought  to  be  preserved  of  these  borings.  South- 
ward, at  the  Rio  Colorado,  the  Pampean  formation 
meets  the  great  Tertiary  formation  of  Patagonia ;  and 
northward,  at  St.  F6  Bajada,  it  overlies  this  same  for- 
mation with  its  several  extinct  shells. 

In  the  central  region  near  Buenos  Ayres  no  natural 
section  shows  its  thickness ;  but,  by  the  borings  there 
made  in  two  artesian  wells  (figs.  31  and  32),  the  Pampean 
mud,  with  tosca-rock,  is  seen  to  extend  downwards 
from  the  level  of  the  Rio  Plata  to  a  depth  of  sixty-one 
feet,  and  to  this  must  be  added  fifty-five  feet  above 
the  level  of  the  river.  These  argillaceous  beds  overlie 
coarse  sand,  containing  the  Azara  lahiata  (a  shell 
characteristic  of  the  Pampean  formation),  and  attaining 
a  thickness  of  about  ninety-three  feet.*     So  that  the 

*  The  following  extract  from  the  Report  of  the  borers  relates  to 
this  bed : — The  bwl  of  yellow,  duid  sands  between  IS"  60  and  47'"20 
below  the  ground  contains  a  sabterranean  ascending  current,  the 
level  of  which  has  not  varied  by  a  centimetre  for  three  y^rs.  The 
level  is  0*"  60  (2  feet  over  the  level  of  the  wells  at  Barracas).  This  bed 
(*napa')is  powerfully  absorbent.  At  68"-30  a  second  subterranean  cur- 
rent  (*  overflowing'),  was  met,  which  "-ose  one  foot  over  the  surface  of 
the  ground  at  Barracas.  The  discharge  was  about  60  pipes  daily,  but 
the  water  was  Milt  and  undrinkable.  At  ZS'-HO  was  found  a  third 
subterranean  current  ('overflowing*),  which  reached  with  difiiculty 
the  level  of  the  ground.  The  discharge  might  be  calculated  at 
100  pipes  daily.  The  water  was  very  salt,  and  absorbed  that  of 
the  tirst  overflowing  current.  The  great  spring  was  met  with  at 
77-65.' 

As  regards  the  quality  and  abundance  of  the  water,  ^r.  Coghlan 
remarks  that  *  The  quantity  of  water  dischHrged  per  hour  through  a 
tube  of  about  4^  inches  in  diameter,  at  a  level  of  6  feet  above  high* 
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entire  thickness  of  the  great  estuarine  or  P&mpean  for- 
mation near  Baenos  Ayres  is  nearly  210  feet. 

No.  31. 

OomparatiYe  aactiomi  of  the  Arieciati  Well*  of  Bamcu  And  Buenos  Ajrei» 

(Distance,  32  uii:e&) 

Riftchaelo. 
I 


Level  of  eqiii-\ 
Ubrinm  of  f 
the    prind-  j 


Baenoa  Ajrras. 


IjL  spring  •    •  t^ 


Snd  spring 

Srrl  spring 
4th  spring 


Snd  spring 
8rd  spring 
h 

4th  spring 
S4Afeet 


470  feet 


a.  Qteys  and  Tosca    . 

6.  Sand 

e.  Very  sandy  clay     . 

d  Dark  bine  plaf  tic  clay  . 

e.  Tbsca,  with  calcareous  nodules 

/.  Yellow  sanda,  rery  fine  and  fluid 


Thickness  Thickness 
at  Barracas.  at  Buenos 
Feet      Ayres.  Feet 
—  57 

13  61 


47 
94 


63 

40 


water  mark,  waM  2,658  gallonfl.  It«  temperature  was  21®  Cent ,  and 
it  had  a  slightly  disagreeable  tnste.  from  its  being  impregnated  with 
Raits  of  lime  <uid  magnesia,  and  a  ^maU  quantity  of  sulphuretted 
hydrogen.' 
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This  formation  rests  on  various  marine  beds  of  in- 
durated green  clay,  sand  with  corals,  simdstone,  and 
limestone,  altogether    107   feet   in   thickness.     These 


beds  contain  fragments  of  the  great  Ogirm  Talaqonka.^ 
0.  Alrnrezii  (^J,  Peden  Fiirniienim,  and  other  shells, 
apparently  the  same  (but  they  have  not  been  rigorously 
comparwl)  with  those  eminiprat<>d  by  il.  A.  d'Orbigny 
and  by  myself  as  found  at  St.  F6  Bajada,  as  well  as  at 
varions  points  on  the  coast  of  Pati^nia.  The  already 
enormous  continuoas  extension  of  the  Patagonian  ter- 
tiary   formation   ia   thus   largely   increased.     Beneath 
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these  beds  a  mass  of  red  calcareous  clay,  becoming  in 
the  lower  part  more  and  more  marly,  containing  layers 
of  sand,  and  of  the  thickness  of  213  feet,  was  bored 
through  to  a  depth  of  470  feet  from  the  level  of  the 
Rio  Plata.  This  lower  mass  contained  no  fossils,  and 
its  age  is  of  course  unknown  ;  *  but  I  may  add  that  I 
saw  at  two  points  in  Western  Banda  Oriental,  beneath 
the  marine  tertiary  strata,  beds  of  red  clay  with  marly 
concretions,  which,  from  their  mineralogical  resemblance 
to  the  overlying  Pampean  formation,  seemed  to  indicate 
that  at  an  ancient  period  the  Rio  Plata  had  deposited 
an  estuarine  formation,  subsequently  covered  by  the 
marine  tertiary  beds,  and  these  by  the  more  modern 
estuarine  formation,  with  its  remains  of  numerous 
gigantic  Mammalia;  and  that,  finally,  the  whole  had 
been  elevated  into  the  present  plains  of  the  Pampas. 


Localities  tcithin  the  region  of  the  Pampas  where  great  bones  hav0 

been  found. 

The  followioff  list,  which  includes  every  account  which  I  have 
hitherto  met  with  of  the  discovery  of  fossil  mammiferous  remains 
in  the  Pampas,  may  be  hereafter  useful  to  a  geologist  investigating 
this  region,  and  it  tends  to  show  their  extraordin/vrv  abundance. 
I  heard  of  and  saw  mnny  ibssils,  the  original  position  of  which  I 
could  not  ascertain ;  and  I  received  many  statements  too  vague  to 
be  here  inserted.  Beginning  to  the  south : — we  have  the  two 
stations  in  Babia  Blanca,  described  in  this  chapter,  where,  at  P. 
Alta,  the  Megatherium,  Megalonyz,  Scelidotherium,  Mylodon, 
Holophractus  (or  an  allied  genus),  Toxodon,  Macrauchenia,  and 
an  Equus  were  collected ;  and  at  M.  Hermoso  a  Ctenomys,  Hydro- 
chserus,  some  other  rodents  and  the  bones  of  a  great  megatberoid 

3iuadruped.  Close  north-east  of  the  S.  Tapalguen,  we  have  the 
iio  'Huesos'  (i.e.  bones),  which  probably  takes  its  name  from 
large  fossil  bones.  Near  Villa  Nuevo,  and  at  Las  Aveiias,  not 
far  from  the  Salad o,  three  nearly  perfect  skeletons,  one  of  the 
Megatherium,  one  of  the  Gli/ptoion  clavipeSy  and  one  of  some  gr^-at 
Dasypoid  quadruped,  were  found  by  the  agent  of  Sir  W.  PerLsh 

*  It  was  supposed  by  Dr.  Burmeister  to  be  Silurian. 


^ 
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(see  his  work  *  Buenos  Ayres/  &c.  p.  171).  I  have  seen  the  tooth 
of  a  Mastodon  from  the  Salado ;  a  little  northward  of  this  river, 
on  the  borders  of  a  lake  near  the  G.  del  Monte,  I  saw  many  bones, 
and  one  large  piece  of  dermal  armour ;  higher  up  the  Salado,  there 
is  a  place  called  Monte  '  Huesos/  On  the  Matanzas.  about  twenty 
miles  south  of  Buenos  Ayres,  the  skeleton  (vide  p.  J  78,  of '  Buenos 
Ayres,'  &c.  by  Sir  W.  Parish)  of  a  Glyptodon  was  ilmnd  about 
five  feet  beneath  the  surface  ;  here  also  (see  '  Cat.  of  Royal  College 
of  Surgeons ')  remains  of  Glyptodon  clavipeSj  O.  omafus,  and  O, 
reticulatus  were  found.  Signor  Angel  is,  in  a  letter  which  I  have 
seen,  refers  to  some  great  remains  found  in  Buenos  Ayres,  at  a 
depth  of  twenty  varas  trom  the  surface.  Seven  leagues  north  of 
this  city  the  same  author  found  the  skeletons  of  Mylodon  robustutt 
and  Glyptodon  ornatus.  From  this  neighbourhood  he  has  lately 
sent  to  the  British  Museum  the  frJlowing  fossils : — Remains  of 
three  or  four  individuals  of  Megatherium;  of  three  species  of 
Glyptodon;  of  three  individuals  of  the  Mcutodm  Andium;  of 
Macrauchenia ;  of  a  second  species  of  Toxodon,  dili'erent  from  T, 
Platensisj  and,  lastly,  of  the  Machairtnlus,  a  wonderful  large  car- 
nivorous animal.  M.  d'Orbigny  lias  lately  received  from  the  Reco- 
late  (*  Voyage/  Pal.  p.  144),  near  Buenoa  Ayres,  a  tooth  of  Toxodon 
Platensis. 

Proceeding  northward,  along  the  west  bank  of  the  Parana,  we 
come  to  the  Rio  Luxan,  where  two  skeletons  of  the  Megatherium 
have  been  found ;  and  lately,  within  eight  leagues  of  the  town  of 
Luxnn,  Dr.  F.  X.  Muniz  has  collected  (*  British  Packet,*  Buenos 
Ayres,  September  25th,  1841),  from  an  average  depth  of  eighteen 
feet,  very  numerous  remains,  of  no  less  than,  as  he  believes,  nine 
distinct  species  of  roamroifers.  At  Areco,  large  bones  have  been 
found,  which  are  believed,  by  the  inhabitants,  to  have  been  changed 
from  small  bones  by  the  water  of  the  river  1  At  Arrecifes,  the 
Glyptodon,  sent  to  the  College  of  Surgeons,  was  found ;  and  I 
have  seen  two  teeth  of  a  Mastodon  from  this  quarter.  At  S. 
Nicolas,  M.  d'Orbigny  found  remidns  of  a  Canis,  Ctenomys,  and 
Kerodon ;  and  M.  Isabelle  ('  Voyage,'  p.  832)  refei-s  to  a  gigantic 
Armadillo  found  there.  At  S.  C^arlos  I  heard  of  great  bones.  A 
little  below  the  mouth  of  the  Carcarana,  the  two  skeletons  of 
Mastodon  were  found ;  on  the  banks  of  this  river,  near  S.  Miguel, 
I  found  teeth  of  the  Mastodon  and  Toxodon ;  and  '  Falkner ' 
(p.  65)  describes  the  osseous  armour  of  some  great  animal ;  I  heard 
of  many  other  bones  in  this  neighbourhood.  I  have  seen,  I  may 
add,  in  the  possession  of  Mr.  Caldcleiigh,  the  tooth  of  a  Mastodon 
Andium.  said  to  have  been  found  in  Paraguay ;  I  may  here  also  refer 
to  a  statement  in  this  gentleman's  travels  (vol.  i.  p.  48),  of  a  great 
skeleton  having  been  found  in  the  province  of  Bolivia  in  Brazil,  on 
the  R.  de  las  (3ontas.  The  farthest  point  we<*tward  in  the  Pampas, 
at  which  I  have  heard  of  fossil  bones,  was  high  up  on  the  banks  of 
the  R.  Quinto. 

In  Entre  Rio8|  bendes  the  remaiiia  of  the  Mastodon,  ToxodoD, 
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£quu8,  and  a  great  Dasypoid  quadruped  near  St.  F^  Bajada,  I 
received  an  account  of  bones  having  been  found  a  little  SE.  of 
P.  Gorda  (on  tbe  Parana),  and  of  an  entire  skeleton  at  Matanzas, 
on  the  Arroyo  del  Animal. 

In  Banda  Oriental,  besides  the  remains  of  the  Toxodon,  Mylo- 
don,  and  two  skeleton.'*  ol  great  animals  with  osseous  armour  (dif^ 
tinct  from  that  of  the  Glyptodon),  found  on  the  Arroyos  Sarandift 
and  Berquelo,  M.  Isabelle  (*  Voyage/  p.  322)  says,  many  bones 
have  been  found  near  the  K.  JSegro,  and  on  the  K.  Arapey,  an 
affluent  of  tbe  Paraguay,  in  lat.  3U°  40'  south.  I  heard  of  bones 
near  the  source  of  the  A.  Vivoi  as.  I  saw  the  remains  of  a  Dasy- 
Doid  quadruped  from  the  Armyo  Seco,  close  to  M.  Video ;  and 
M.  d'Orbigny  refers  ('  Voya»re,  G^nlog.'  p.  24)  fo  another  found  on 
the  Pedemal,  an  affluent  of  the  St.  Lucia;  and  Signor  Angelis,  in 
a  letter,  states  that  a  third  slceleton  of  this  family  has  been  found 
near  (/anelones.  I  saw  a  tooth  of  the  Mastodon  from  Talas, 
another  affluent  of  the  St.  Lucia.  The  most  eastern  point  at 
which  I  heard  of  great  bones  having  been  found,  was  at  Solis 
Grande,  between  M.  Video  and  Maldonado. 
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CHAPTER  XIL 

ON  THE  OLDER  TERTIARY  FORMATIONS  OF  PATAGONIA  AND 

CHILE. 

Jiio  Negro — 8.  Josef —Port  Denre^rvhite pumtcemifmvtUtnne within' 
fHSoria — Port  8,  Julian — 8anta  Cruz,  basaltic  lava  of— P.  OaVegos 
— Eaxtem  Tierra  del  Fxiegn ;  lenren  of  pyfinet  beech-trees — Sam- 
mar  y  on  tlie  Patagonian  tertiary  formaticng — Tdrtiary  formations 
of  the  Western  Coast — Clwno*  ana  CmKuti  groups,  volcanic  rocks  of 
— Concepcion — Navidad — Coquim bo— Summary — Age  of  the  ter^ 
tiary  formations — Lines  of  elevation — Silidjied  wood — Comparative 
ranges  afthe  extinct  and  living  Mollusoa  on  the  Wes'  Coast  of  8. 
America — CUmale  of  the  tertiary  period — On  the  cavses  of  the 
absence  of  recent  conchiferous  depo*its  tm  the  coa*t»  of  8  America 
— On  the  contemporaneous  deposition  and  2f^^'crvation  of  sedi' 
mentary  formatione. 

Rio  Negro. — I  can  add  little  to  the  details  given  by 
M.  d'Orbigny*  on  the  sandstone  formation  of  this  dis- 
trict. The  cliffs  to  the  soath  of  the  river  are  about 
200  feet  in  height,  and  are  composed  of  sandstone  of 
various  tints  and  degrees  of  hardness.  One  layer,  which 
thinned  out  at  both  ends,  consisted  of  earthy  matter,  of 
a  pale  reddish  colour,  with  some  gypsum,  and  very  like 
(I  speak  after  comparison  of  the  specimens  brought 
lome)  Pampean  mud :  above  this  was  a  layer  of  compact 
marly  rock  with  dendritic  manganese.  Many  blocks  of 
a  conglomerate  of  pumice-pebbles  embedded  in  hard 
sandstone  were  strewed  at  the  foot  of  the  cliff,  and  had 
evidently  fallen  from  above.     A  few  miles  NE.  of  the 

»  •  Voyage,  Fart.  G4oIog.'  pp.  67-C5. 
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towD,  I  found,  low  down  in  the  sandstxjne,  a  bed,  a  few 
inches  in  thickness,  of  a  white,  friable,  harsh-feeling 
sediment,  which  adheres  to  the  tongue,  is  of  easy  fusi- 
bility, and  of  little  specific  gravity;  examined  under 
the  microscope,  it  is  seen  to  be  pumiceous  tuff,  formed 
of  broken  transparent  crystals.  In  the  cliffs  south  of 
the  river  there  is,  also,  a  thin  layer  of  nearly  similar 
nature,  but  finer  grained,  and  not  so  white;  it  might 
easily  have  been  mistaken  for  a  calcareous  tuff,  but  it 
contains  no  lime :  this  substance  precisely  resembles  a 
most  widely  extended  and  thick  formation  in  southern 
Patagonia,  hereafter  to  be  described,  and  which  is  re- 
markable for  being  partially  formed  of  Infusoria.  These 
beds,  conjointly  with  the  conglomerate  of  pumice,  are 
interesting,  as  showing  the  nature  of  the  volcanic  action 
in  the  Cordillera  during  this  old  tertiary  period. 

In  a  bed  at  the  base  of  the  southern  cliffs,  M.  d'Or- 
bigny  found  two  extinct  fresh-water  shells,  namely,  a 
Unio  and  Chilina.  This  bed  rested  on  one  with  bones 
of  an  extinct  rodent,  namely,  the  Megamys  Patagoni- 
ensis]  and  this  again  on  another  with  extinct  marine 
shells.  The  species  found  by  M.  d'Orbigny  in  different 
parts  of  this  formation  consist  of: — 


1.  Ostrea    Patagonica,    d'Orbig. 

*  Voyage  Pal.'  (also  at  St. 
F6,  and  whole  ccast  of  Pata- 
gouia). 

2.  Ostrea  Ferrarisi,  dp. 

3.  Ostrea     Alvarezii,     d'Orbig. 


•Voyage  Pal.'  (also  St.  F6 
and  8.  Josef). 

4.  Pecten  Patagoniensis,  do. 

5.  Venus  Mansterii,  do.  (also  St. 

F6). 

6.  Area  Donplandianai  do.  (do.) 


According  to  M.  d'Orbigny,  the  sandstone  extends 
westward  along  the  coast  as  far  as  Port  S.  Antonio,  and 
up  the  Rio  Negro  far  into  the  interior:  northward  I 
traced  it  to  the  southern  side  of  the  Rio  Colorado,  where 
it  forms  a  low  denuded  plain.  This  formation,  though 
C5onteraporaneous  with  that  of  the  rest  of  Patagonia,  is 

25 
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quite  different  in  mineralogical  composition,  being  con- 
nected with  it  only  by  the  one  thin  white  layer :  this 
difference  may  be  reasonably  attributed  to  the  sediment 
brought  down  in  ancient  times  by  the  Rio  Negro ;  by 
which  agency,  also,  we  can  understand  the  presence  of 
the  fresh' water  shells,  and  of  the  bones  of  laud  animals. 
Judging  from  the  identity  of  four  of  the  above  shells, 
this  formation  is  contemporaneous  (as  remarked  by 
M.  d'Orbigny)  with  that  under  the  Pampean  deposit  in 
Entre  Rios  and  in  Banda  Oriental.  The  gravel  capping 
the  sandstone  plain,  with  its  calcareous  cement  and 
nodules  of  gypsum,  is  probably,  from  the  reasons  given 
in  the  eighth  chapter,  contemporaneous  with  the  upper- 
most beds  of  the  Pampean  formation  on  the  upper  plain 
north  of  the  Colorado. 

So/n  Josef. — My  examination  here  was  very  short: 
the  cliffs  are  about  100  feet  high ;  the  lower  third 
consists  of  yellowish-brown,  soft,  slightly  calcareous, 
muddy  sandstone,  parts  of  which  when  struck  emit  a 
fetid  emell.  In  this  bed  the  great  Ostrea  Patagonicay 
often  marked  with  dendritic  manganese  and  small  coral- 
lines, were  extraordinarily  numerous.  I  found  here  the 
following  shells : — 

1.  Osl  rea  Patagonica,  d'Orbifir.  <  Voyage  Pal.'  (also  at  St.  F6  and 

whole  c^ast  of  Patagonia). 

2.  Osl  rea  Alvarezii,  d'Orbig.  *  V.  Pal '  (also  St.  F6  and  R.  Negro.) 

3.  Pecten  Paianensis,  d'Orbig.  *V.  Pal.' and  PI.  III.  f.  30  of  this 

work  (also  St.  K6,  S.  Jalian,  and  Port  DeMie). 

4.  Pecten  Uarwinianui*,  dOrbig.  •  V.  Pal.'  and  PI.  III.  f.  28  and  29 

(also  St.  Ke.) 
6.  Pfecten  actino<lo8,  Q.  B.  Sowerby,  PI.  III.  f.  33. 

6.  Terebratula  Patagonica,  Q.  B.  Sowerby,  PI.  H.  f.  26  and  27 

(also  S.  Julian  J. 

7.  Casts  of  a  Turritclla. 

The  four  first  of  these  species  occur  at  St.  F6  in 
Entre  Rios,  and  the  two  first  in  the  sandstone  of  the 
Kio  Negro.     Above  this  fossiliferous  mass,  there  is  a 
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Btratnm  of  very  fine-grained,  pale  brown  mudstone, 
including  numerous  laminae  of  selenite.  All  the  strata 
appear  horizontal,  but  when  followed  by  the  eye  for  a 
long  distance,  they  are  seen  to  have  a  small  easterly 
dip.  On  the  surface  we  have  the  porphyritic  gravel, 
and  on  it  sand  with  recent  shells. 

Nuevo  GTilf. — From  specimens  and  notes  given  me 
by  Lieut.  Stokes,  it  appears  that  the  lower  bed  consists 
of  soft  muddy  sandstone,  like  that  of  S.  Josef,  with 
many  imperfect  shells,  including  the  Peden  Paranensis^ 
d'Orbig.,  casts  of  a  Turritella  and  Scutella.  On  this 
there  are  two  strata  of  the  pale  brown  mudstone,  also, 
like  that  of  8,  Josefs  separated  by  a  darker  coloured, 
more  argillaceous  variety,  including  the  0»frea  Fata- 
gonica.  Prof.  Ehrenberg  has  examined  this  mudstone 
for  me :  he  finds  in  it  three  already  known  microscopic 
organisms,  enveloped  in  a  fine-grained  pumiceous  tuff, 
which  I  shall  have  immediately  to  describe  in  detail. 
Specimens  brought  to  me  from  the  uppermost  bed, 
north  of  the  Rio  Chupat,  consist  of  this  same  substance, 
but  of  a  whiter  colour. 

Tertiary  strata,  such  as  are  here  described,  appear 
to  extend  along  the  whole  coast  between  the  Rio  Chupat 
and  Port  Desire,  except  where  interrupted  by  the  under- 
lying claystone  porphyry,  and  by  some  metaniorphic 
rocks ;  these  hard  rocks,  I  may  add,  are  found  at  in- 
tervals over  a  space  of  about  five  degrees  of  latitude, 
from  Point  Union  to  a  point  between  Port  S.  Julian 
and  S.  Cruz,  and  will  be  described  in  the  ensuing  chapter. 
Many  gigantic  specimens  of  the  Otitrea  Pata/jonica 
were  collected  in  the  Gulf  of  St.  George. 

Port  Desire, — A  good  section  of  the  lowest  fossili- 
ferous  mass,  about  forty  feet  in  thickness,  resting  on 
claystone  porphyry,  is  exhibited  a  few  miles  south  of 
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the  harboar.      The   shells    sufficiently   perfect  to  be 
recognised  consist  of: — 

1.  Ostrea  Patagonica,  d'Orbig.  (also  at  St.  F6  and  whole  coast  of 

Patagonia). 

2.  Pecten  Paranensis,  d'Orbig.  •  Voy.  Pal.,'  and  PI.  III.  f.  30  of  this 

work  (also  at  St.  F6,  S.  Josef,  S.  Julian). 
8.  Pecten  centralis,  G.  B.  Sowerby,  PI.  III.  1  31  (also  8.  Julian 

and  S.  Cruz). 
4.  Cucullaea  alta,  do.,  PI.  II.  f.  22,  23  (also  8.  Cruz). 
6.  Nucula  omata,  do.,  PI.  II.  f.  19. 
6.  Turritella  Patagonica,  do.,  PI.  III.  f.  48. 

The  fossiliferoas  strata,  where  not  denaded,  are 
confonnably  covered  by  a  considerable  thickness  of  the 
fine-grained  pumiceous  mudstone,  divided  into  two 
masses :  the  lower  half  is  very  fine-grained,  slightly 
nnctuous,  and  so  compact  as  to  break  with  a  semi- 
conchoidal  fracture,  though  yielding  to  the  nail ;  it 
includes  laminae  of  selenite :  the  upper  half  precisely 
resembles  the  one  layer  at  the  Rio  Negro,  and,  with  the 
exception  of  being  whiter,  the  upper  beds  at  San  Josef 
and  Nuevo  Gulf.  In  neither  mass  is  there  any  trace  to 
the  naked  eye  of  organic  forms.  Taking  the  entire 
deposit,  it  is  generally  quite  white,  or  yellowish,  or 
feebly  tinted  with  green;  it  is  either  almost  friable 
under  the  finger,  or  as  hard  as  chalk ;  it  is  of  easy 
fusibility,  of  little  specific  gravity,  is  not  harsh  to  the 
touch,  adheres  to  the  tongue,  and  when  breathed  on 
exhales  a  strong  aluminous  odour;  it  sometimes  con- 
tains a  very  little  calcareous  matter,  and  traces  (besides 
the  included  laminae)  of  gypsum.  Under  the  microscope, 
according  to  Prof.  Ehrenberg,*  it  consists  of  minute, 
triturated,  cellular,  glassy  fragments  of  pumice,  with 
some  broken  crystals.  In  the  minute  glassy  fragments, 
Prof.  Ehrenberg  recognises  organic  structures,  which 
have  been  affected  by  volcanic  heat :  in  the  specimens 
from  this  place,  and  from  Port  S.  Julian,  he  finds  six* 

*  *KdhatsberichteD  der  koni^.  Akad.  zu  Berlin  vom  April,  1845/ 
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teen  Polygastrica  and  twelve  Phytolitharia.  Of  these 
organisTiiB,  seven  are  new  forms,  the  others  being  pre- 
viously known :  all  are  of  marine,  and  chiefly  of  oceanic, 
origin.  This  deposit  to  the  naked  eye  resembles  the 
crust  which  often  appears  on  weathered  surfaces  of 
foldspathic  rocks ;  it  likewise  resembles  those  beds  of 
earthy  feldspathic  matter,  sometimes  int^rstratified  with 
porphyritic  rocks,  as  is  the  case  in  this  very  district 
with  the  underlying  purple  claystone  porphyry.  From 
examining  specimens  under  a  common  microscope,  and 
comparing  them  with  other  specimens  undoubtedly  of 
volcanic  origin,  I  had  come  to  the  same  conclusion  with 
Prof.  Ehrenberg,  namely,  that  this  great  deposit,  in  its 
first  origin,  is  of  volcanic  nature. 

Vori  S.  Jtdian. — On  the  south  side  of  the  harbour, 
the  following  section,  which  I  here  repeat,  gives  the 
nature  of  the  beds  seen  in  the  cliflFs  of  the  ninety  feet 

No.  33. 

Section  of  the  stntta  exhibited  in  the  cliffs  of  the  OO-feet  plain  at  Port 

S.  Julian. 
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plain.  Beginning  at  the  top, — Ist,  the  earthy  mass 
(A  A),  including  the  remains  of  the  Macrauchenia,  with 
recent  shells  on  the  surface;  2nd,  the  porphyritic 
shingle  (B),  which  in  its  lower  part  is  intierstratified 
(owing,  I  believe,  to  redeposition  during  denudation) 
with  the  white  pumiceous  mudstone;  3rd,  this  white 
mudstone,  about  twenty  feet  in  thickness,  and  divided 
into  two  varieties  (C  and  D),  both  closely  resembling 
the  lower,  fine-grained,  more  unctuous  and  compact 
kind  at  Port  Desire ;  and,  as  at  that  place,  including 
much  selenite;  4th,  a  fossiliferous  mass,  divided  into 
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three  main  beds,  of  which  the  uppermost  is  thin,  and 
consists  of  ferruginous  sandstone,  with  many  shells  of 
the  great  oyster  and  Peden  Paranemis ;  the  middle 
bed  (E)  is  a  yellowish  earthy  sandstone  abounding  with 
Scutellae;  and  the  lowest  bed  (F)  is  an  indurated, 
greenish,  sandy  clay,  including  large  concretions  of 
calcareous  sandstone,  many  shells  of  the  great  oyster, 
and  in  parts  almost  made  up  of  fragments  of  Balanidsd. 
Out  of  these  three  beds,  I  procured  the  following  twelve 
species,  of  which  the  two  first  were  exceedingly  numerous 
in  individuals,  as  were  the  Terebratulae  and  Turritellaa 
in  certain  layers :- 

1.  Ostrea  Patagonica,  d*Orb.  *  Voyage  Pal/  (also  at  St.  F6  and 

whole  coast  of  Patagonia). 

2.  Pecten  Paranensid,  d'Orbig.  do.,  and  PI.  III.  f.  30  of  this  work 

(St.  Fe,  S.  Josef,  Port  Desire). 

3.  Pecten  centralis,  Q.  B.  Sowerby,  PL  III.  1  31  (also  P.  Desire 

and  8.  Cruz). 

4.  Pecten  gcminatns,  do.,  PI.  II.  f.  24. 

6.  Terebratula  Patagonica,  do.,  PI.  II.  f.  26  and  27  (also  S.  Josef). 

6.  Struthiolaria  ornate,  do.,  PI.  IV.  f.  62  (also  S.  Cruz). 

7.  Fusus  Patagonicus,  do.,  PI.  IV.  f.  60. 

8.  Fosus  Noachinus,  do.,  PI.  IV.  f.  68  and  69. 

9.  Scalaria  mgulosa,  do.,  PI.  III.  f.  42  and  43. 

10.  Turritella  ambulacrum,  do.,  PI.  III.  f.  49  (also  S.  Cmz). 

11.  Pyrula,  cast  of,  like  P.  ventricosa  of  Sowerby,  Tank  Cat, 

12.  Balanns  varians,  G.  B.  Sowerby,  PI.  II.  f.  4.  6,  6. 

13.  Scatella,  differing  from  the  species  from  Nuevo  Qulf. 

At  the  head  of  the  inner  harbour  of  Port  S.  Julian, 
the  fbssiliferous  mass  is  not  displayed,  and  the  sea-cliffs 
from  the  water's  edge  to  a  height  of  between  100  and 
200  feet  are  formed  of  the  white  pumiceous  mudstone, 
which  here  includes  innumerable,  far-extended,  some- 
timf^s  horizontal,  sometimes  inclined  or  vertical  laminas 
of  transparent  gypsum,  often  about  an  inch  in  thick** 
ness.  Further  inland,  with  the  exception  of  the 
superficial  gravel,  the  whole  thickness  of  the  truncated 
hills,  which  represent  a  formerly  continuous  plain  950 
feet  iniieight,  appears  to  be  formed  of  this  white  mud<« 


CHAP.  xn.    Port  S.  Julia7i  and  Santa  Crtiz,     377 

stone :  here  and  there,  however,  at  various  heights,  thin 
earthy  layers,  containing  the  great  oyster,  Pecten  Para" 
nensis  and  TurrUella  ambulacrum^  are  interstratified ; 
thus  showing  that  the  whole  mass  belongs  to  the  same 
epoch  I  nowhere  found  even  a  fragment  of  a  shell 
actually  in  the  white  deposit,  and  only  a  single  cast  of 
a  Turritella.  Out  of  the  eighteen  microscopic  organisms 
discovered  by  Ehrenberg  in  the  specimens  from  this 
place,  ten  are  common  to  the  same  deposit  at  Port 
Desire.  I  may  add  that  specimens  of  this  white  mud- 
stone,  with  the  same  identical  characters,  were  brought 
me  from  two  points, — one  twenty  miles  north  of  S. 
Julian,  where  a  wide  gravel-capped  plain,  350  feet  in 
height,  is  thus  composed ;.  and  the  other  forty  miles 
south  of  S.  Julian,  where,  on  the  old  charts,  the  clifis 
are  marked  as  '  Chalk  Hills,' 

Santa  Cruz. — The  gravel-capped  cliffs  at  the  mouth 
of  the  river  are  355  feet  in  height :  the  lower  part,  to 
a  thickness  of  fifty  or  sixty  feet,  consists  of  a  more  or 
less  hardened,  darkish,  muddy,  or  argillaceous  sandstone 
(like  the  lowest  bed  of  Port  Desire),  containing  very 
many  shells,  some  silicified  and  some  converted  into 
yellow  calcareous  spar.  The  great  oyster  is  here 
numerous  in  layers;  the  Trigonocelia  and  Turritella 
are  also  very  numerous:  it  is  remarkable  that  the 
Pecten  Paranensis^  so  common  in  all  other  parts  of 
the  coast,  is  here  absent :  the  shells  consist  of: — 

1.  Ostrea  Patagonica,  d'Orbig.  *  Voyage  PaL'  (also  at  St.  F6  and 

whole  coast  of  Pata<?onia). 

2.  Pecten  centralis,  G.  B.  Sowerby,  PI.  Ill,  f.  31  (also  P.  Desire 

and  S.  Julian). 

3.  Venus  meridionalis  of  G.  B.  Sowerby,  PL  II.  f.  13« 

4.  Crassatella  Lyeliii,  do.  PI.  II.  f.  10.  * 

5.  Cardium  pulcbellum,  do.  PL  II.  f.  16. 

6.  Cardita  Patagonica.  do.  PI.  II.  f.  17. 

7.  Mactra  rui^^ata,  do.  PI.  II.  f.  8. 

8.  Mactra  Darwinii,  do.  PI.  II.  f.  9. 

9.  CacuUaea  alta,  do.  PI.  II.  f.  22,  2.3  (also  P.  Desire). 
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10.  Trigonocelia  insolita,  do.  PI.  II.  f.  20,  21. 

11.  Nuciila  (?)  glabia,  do.  PI.  II.  f.  18. 

12.  Crepidula  gregaria,  do.  PI  III.  f.  34. 

13.  Voluta  alta,  do.  PI.  IV.  f.  75. 

14    Trochuf.  collarU,  do.  PI.  III.  f.  44,  45. 

15.  Natira  solida  (2),  do.  PI.  III.  f.  40.  41. 

16.  Struthiolaria  ornata,  do.  PI.  IV.  f.  62  (xlso  P.  Desire). 

17.  Turrit ella  ambulacrum,  do.  PI.  III.  f.  49  (also  P.  S.  Julian). 
Imperfectfragmentsof  the  genera  Byssoarca,  Artemis,  and  Fusus. 

The  upper  part  of  the  cliff  is  generally  divided  into 
three  great  strata,  differing  slightly  in  composition,  but 
essentially  resembling  the  pumiceous  mudstone  of  the 
places  farther  north ;  the  deposit,  however,  here  is  more 
arenaceous,  of  greater  specific  gravity,  and  not  so  white : 
it  is  interlaced  with  numerous  thin  veins,  partially  or 
quite  filled  with  transverse  fibres  of  gypsum ;  these  fibres 
were  too  short  to  reach  across  the  vein,  have  their  extre- 
mities curved  or  bent :  in  the  same  veins  with  the  gyp- 
sum, and  likewise  in  separate  veins  as  well  as  in  little 
nests,  there  is  much  powdery  sulphate  of  magnesia  (as 
ascertained  by  Mr.  Reeks)  in  an  uncompressed  form :  I 
believe  that  this  salt  has  not  heretofore  been  found  in 
veins.  Of  the  three  beds,  the  central  one  is  the  most  com- 
pact, and  more  like  ordinary  sandstone :  it  includes  nu- 
merous flattened  spherical  concretions,  often  united  like 
a  necklace,  composed  of  hard  calcareous  sandstone,  con- 
taining a  few  shells :  some  of  these  concretions  were 
four  feet  in  diameter,  and  in  a  horizontal  line  nine  feet 
apart,  showing  that  the  calcareous  matter  must  have 
been  drawn  to  the  centres  of  attraction  from  a  distance 
of  four  feet  and  a  half  on  both  sides.  In  the  upper  and 
lower  finer-grained  strata,  there  were  other  concretions 
of  a  grey  colour,  containing  calcareous  matter,  and  so 
fine-grained  and  compact  as  almost  to  resemble  por- 
celain-rock :  I  have  seen  exactly  similar  concretions  in 
a  volcanic  tufaceous  bed  in  Chiloe.  Although  in  this 
upper  fine-grained  strata,  organic  remains  were  very 
rai'e,  yet  I  noticed  a  few  of  the  great  oyster;  and  ia 
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one  included  soft  ferruginous  layer,  there  were  some  speci- 
mens of  the  CiicutUEa  alta  (found  at  Port  Desire  in  the 
lower  fossiliferoua  mass)  and  of  the  Macira  rwjutii,  which 
latter  shell  has  been  partially  converted  into  gypstim. 

In  ascending  the  valley  of  the  S.  Cmz,  the  opper 
strata  of  the  coast-cliffs  are  prolonged,  with  nearly  the 
same  characters,  for  fil'ty  miles:  at  about  this  point, 
they  begin  in  the  most  gradual  and  scarcely  perceptible 
manner,  to  be  banded  with  white  lines ;  and  after  as- 
cending ten  miles  farther,  we  meet  with  distinct  thin 
layers  of  whitish,  greenish,  and  yellowish  fine-grained, 
fasible  sediments.  At  eighty  miles  from  the  coast,'  in 
a  cliff  thus  composed,  there  were  a  few  layers  of  ferni- 
ginouB  sandstone,  and  of  an  argillaceous  sandstone  with 
Ko.  .SI. 
Bection  of  Ibe  pliiaB  ot  FsUgopU.  dp  tli«  buks  of  tbt  S.  Gnu. 
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concretions  of  marl  like  those  in  the  Pampas.     At  100 
miles  from  the  coast,  that  is  at  a  central  point  between 
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the  Atlantic  and  the  Cordillera,  we  have  the  preceding 
section. 

The  upper  half  of  the  sedimentary  mass,  under  the 
basaltic  lava,  consists  of  innumerable  zones  of  perfectly 
white,  bright  green,  yellowish  and  brownish,  fine-grained, 
sometimes  incoherent,  sedimentary  matter.  The  white, 
pumiceous,  trachytic  tuff-like  varieties  are  of  rather 
greater  specific  gravity  than  the  pumiceous  mudstone 
on  the  coast  to  the  north  :  some  of  the  layers,  especially 
the  browner  ones,  are  coarser,  so  that  the  broken  crys- 
tals are  distinguishable  with  a  weak  lens.  The  layers 
vary  in  character  in  short  distances.  With  the  excep- 
tion of  a  few  of  the  Ostrea  Patagonica,  which  appeared 
to  have  rolled  down  from  the  cliff  above,  no  organic 
remains  were  found.  The  chief  difference  between 
these  layers  taken  as  a  whole,  and  the  upper  beds  both 
at  the  mouth  of  the  river  and  on  the  coast  northward, 
seems  to  lie  in  the  occasional  presence  of  more  colouring 
matter,  and  in  the  supply  having  been  intermittent: 
these  characters,  as  we  have  seen,  very  gradually  dis- 
appear in  descending  the  valley,  and  this  fact  may 
perhaps  be  accounted  for  by  the  currents  of  a  more 
open  sea  having  blended  together  the  sediment  from  a 
distant  and  intermittent  source. 

The  coloured  layers  in  the  foregoing  section  rest  on 
a  mass,  apparently  of  great  thickness  (but  much  hidden 
by  the  talus),  of  soft  sandstone,  almost  composed  of 
minute  pebbles,  from  one-tenth  to  two-tenths  of  an 
inch  in  diameter,  of  the  rocks  (with  the  entire  exception 

a  great  slip,  which  has  formed  hills  between  60  and  70  feet  in  height, 
and  has  tilted  the  strata  into  highly  inclined  and  even  vertical  posi- 
tions. The  strata  generally  dipped  at  an  angle  of  45^  towards  the 
cliff  from  which  they  had  slided.  I  have  observed  in  slips,  both  on 
a  small  and  large  scale,  that  i  his  inward  dip  is  very  general.  Is  it 
doe  to  the  hydrostatic  pressure  of  water  percolating  with  difficulty 
through  the  strata  acting  with  greater  force  at  the  base  of  tha 
mass  than  against  the  upper  part  7 
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of  tiie  basaltic  lava)  composing  the  great  bonlders  on 
the  surface  of  the  plain,  and  probably  composing  the 
neighbonring  Cordillei'a.  Five  miles  higher  np  the 
valley,  and  again  thirty  miles  higher  up,*  (that  is  twenty 
miles  from  the  nearest  range  of  the  Coixiillera)  the  lower 
plain  included  within  the  upper  escarpments  is  formed, 
as  seen  on  the  banks  of  the  river,  of  a  nearly  similar 
but  finer-grained,  more  earthy,  laminated  sandstone, 
alternating  with  argillaoeous  beds,  and  containing  nu- 
merous moderately  sized  pebbles  of  the  same  rocks,  and 
some  shells  of  the  great  Ostrea  PaiaganiciL.  As  most 
of  these  shells  had  been  rolled  before  being  here  em- 
bedded, their  presence  does  not  prove  that  the  sand- 
stcme  belongs  to  the  great  Patagonian  tertiary  formation, 
for  they  might  have  been  redeposited  in  it  when  the 
valley  existed  as  a  sea-strait;  but  as  amongst  the 
pebbles  there  were  none  of  basalt,  although  the  cliffs  on 
both  sides  of  the  valley  are  composed  of  this  rock,  I 
believe  that  the  sandstone  does  belong  to  this  formation. 
At  the  highest  point  to  which  we  ascended,  twenty 
miles  distant  from  the  nearest  slope  of  the  Cordillera,  I 
could  see  the  horizontally  zoned  w^hite  beds,  stretching 
under  the  black  basaltic  lava,  close  up  to  the  mountaiub  ; 
so  tha.t  the  valley  of  the  S.  Cruz  gives  a  fair  idea  of  the 
constitution  of  the  whole  width  of  Patagonia. 

Basaltic  Lava  of  the  J.  Cruz. — ^This  formation  is 
first  met  with  sixty-seven  miles  firora  the  mouth  of  the 
river;  thence  it  extends  uninterruptedly,  generally  but 
not  exclusively  on  the  northern  side  of  the  valley,  close 
up  to  the  Cordillera.  The  basalt  is  generally  black 
and  fine-grained,  but  sometimes  gray  and  laminated; 
it  contains  some  olivine,  and  high  up  the  valley  much 

*  I  foand  at.  botb  pldces,  but  not  in  tUw^  quantities  of  oonif  erons 
and  ordinarv  dicotyledonoiis  silidtied  wood,  whi^  was  examined 
for  me  by  Mr.  B.  Brawn. 
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glassy  feldspar,  where,  also,  it  is  often  amygdaloidal ; 
it  is  never  highly  vesicular,  except  on  the  sides  of  rents 
and  on  the  upper  and  lower,  spherically  laminated  sur- 
faces. It  is  often  columnar ;  and  in  one  place  I  saw 
magnificent  columns,  each  face  twelve  feet  in  width, 
with  their  interstices  filled  up  with  calcareous  tuff. 
The  streams  rest  conformably  on  the  white  sedimentary 
beds,  but  I  nowhere  saw  the  actual  junction  ;  nor  did  I 
anywhere  see  the  white  beds  actually  superimposed  on 
the  lava ;  but  some  way  up  the  valley,  at  the  foot  of 
the  uppermost  escarpments,  they  must  be  thus  super- 
imposed. Moreover,  at  the  lowest  point  down  the 
valley,  where  the  streams  thin  out  and  terminate  in 
irregular  projections,  the  spaces  or  intervals  between 
these  projections  are  filled  up  to  the  level  of  the  now 
denuded  and  gravel-capped  surfaces  of  the  plains,  with 
the  white-zoned  sedimentary  beds ;  proving  that  this 
matter  continued  to  be  deposited  after  the  streams  had 
flowed.  Hence  we  may  conclude  that  the  basalt  is 
contemporaneous  with  the  upper  parts  of  the  great 
tertiary  formation. 

The  lava  where  first  met  with  is  130  feet  in  thick- 
ness :  it  there  consists  of  two,  three,  or  perhaps  more 
streams,  divided  from  each  other  by  vesicular  spheroids, 
like  those  on  the  surface.  From  the  streams  having, 
as  it  appears,  extended  to  different  distances,  the  terminal 
points  are  of  unequal  heights.  Generally  the  surface 
of  the  basalt  is  smooth ;  but  in  one  pnrt  high  up  the 
valley  it  was  so  uneven  and  hummocky,  that  until  I 
afterwards  saw  the  streams  extending  continuously  on 
both  sides  of  the  valley  up  to  a  height  of  about  3,000 
feet  close  to  the  Cordillera,  I  thought  that  the  craters  of 
eruption  were  probably  close  at  hand.  This  hummocky 
surface  I  believe  to  have  been  caused  by  the  crossing 
and   heaping  up  of  different  streams.     In  one  place^ 
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there  were  several  rounded  ridges  about  twenty  feet  in 
height,  Borae  of  them  as  broad  as  high,  and  some  broader, 
which  certainly  had  been  formed  whilst  the  lava  was 
fluid,  for  in  transverse  sections  each  ridge  was  seen  to 
be  concentrically  laminated,  and  to  be  composed  of  im- 
perfect columns  radiating  from  common  centres,  like 
the  spokes  of  wheels. 

The  basaltic  mass  where  first  met  with  is,  as  I  have 
said,  130  feet  in  thickness,  and,  thirty-five  miles  higher 
up  the  valley,  it  increases  to  322  feet.  In  the  first 
fourteen  and  a  half  miles  of  this  distance,  the  upper 
surface  of  the  lava,  judging  from  three  measurements 
taken  above  the  level  of  the  river  (of  which  the  appa- 
rently very  uniform  inclination  has  been  calculated 
from  its  total  height  at  a  point  135  miles  from  the 
mouth)  slopes  towards  the  Atlantic  at  an  angle  of  only 
Qo  *jt  20" :  this  must  be  considered  only  as  an  approxi- 
mate measurement,  but  it  cannot  be  far  wrong.  Taking 
the  whole  thirty-five  miles,  the  upper  suiface  slopes  at 
an  angle  of  0°  10'  53". ;  but  this  result  is  of  no  value  in 
8bowing  the  inclination  of  any  one  stream,  for  half-way 
between  the  two  points  of  measurement,  the  surface 
suddenly  rises  between  100  and  200  feet,  apparently 
caused  by  some  of  the  uppermost  streams  having 
extended  thus  far  and  no  farther.  From  the  measure- 
ments made  at  these  two  points,  thirty-five  miles  apart, 
the  mean  inclination  of  the  sedimentary  beds,  over 
which  the  lava  has  flowed,  is  tww  (after  elevation  from 
under  the  sea)  only  0°  7'  52" :  for  the  sake  of  compari- 
son, it  may  be  mentioned  that  the  bottom  of  the  present 
sea  in  a  line  from  the  mouth  of  the  S.  Cruz  to  the 
Falkland  Islands,  from  a  depth  of  seventeen  fathoms  to 
a  depth  of  eighty-five  fathoms,  declines  at  an  angle  of 
0°  1'  22"  ;  between  the  beach  and  the  depth  of  seven- 
teen fathoms,  the  slope  is  greater.     From  a  point  about 
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half-way  up  the  valley,  the  basaltic  mass  rises  more 
abruptly  towards  the  foot  of  the  Cordillera,  namely, 
from  a  height  of  1,204  feet,  to  about  3,000  feet  above 
the  sea. 

This  great  deluge  of  lava  is  worthy,  in  its  dimensions, 
of  the  great  continent  to  which  it  belongs.  The  aggre- 
gate streams  have  flowed  from  the  Cordillera  to  a  dis- 
tance (unparalleled,  1  believe,  in  any  case  yet  known) 
of  about  100  geographical  miles.  Near  their  furthest 
extremity  their  total  thickness  is  130  feet,  which  increase 
thirty-five  miles  farther  inland,  as  we  have  just  seen, 
to  322  feet.  The  least  inclination  given  by  M.  E.  de 
Beaumont  of  the  upper  surface  of  a  lava  stream,  namely, 
0°  30',  is  that  of  the  great  subaerial  eruption  in  1783 
from  Skaptar  Jukul  in  Iceland ;  and  M.  E.  de  Beaumont 
shows^  that  it  must  have  flowed  down  a  mean  inclination 
of  less  than  0°  20'.  But  we  now  see  that  under  the 
pressure  of  the  sea  successive  streams  have  flowed  over 
a  smooth  bottom  with  a  mean  inclination  not  more 
than  0°  T  52" ;  and  that  the  npper  surface  of  the 
terminal  portion  (over  a  space  of  fourteen  and  a  half 
miles)  has  an  inclination  of  not  more  than  0°  T  20". 
If  the  elevation  of  Patagonia  has  been  greater  nearer 
the  Cordillera  than  near  the  Atlantic  (as  is  probable), 
then  these  angles  are  now  all  too  large.  I  must  repeat, 
that  although  the  foregoing  measurements,  which  were 
all  carefully  taken  with  the  barometer,  may  not  be 
absolutely  correct,  they  cannot  be  widely  erroneous. 

Southward  of  the  S.  Cruz,  the  cliffs  of  the  840  feet 
plain  extend  to  Coy  Inlet,  and,  owing  to  the  naked 
patches  of  the  white  sediment,  they  are  said  on  the 
charts  to  be  '  like  the  coast  of  Kent.*  At  Coy  Inlet 
the  high  plain  trends  inland,  leaving  flat-topped  outliers. 
At  Port  Gallegos  (lat.  51*  35',  and  ninety  miles  south 

'  *  M6moirf»8  ponr  •  rvir,'  Ac,  pp.  17^  and  217. 
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of  S.  Cruz),  I  am  informed  by  Captain  Sulivan,  R.N., 
that  there  is  a  gravel-capped  plain  from  200  to  300  feet 
in  height,  formed  of  numerous  strata,  some  fine-grained 
and  pale-coloured,  like  the  upper  beds  at  the  mouth  of 
the  S.  Cruz,  others  rather  darker  and  coarser,  so  as  to 
resemble  gritstones  or  tuffs ;  these  latter  include  rather 
large  fragments  of  apparently  decomposed  volcanic 
rocks  ;  there  are,  also,  included  layers  of  gravel.  This 
formation  is  highly  remarkable,  from  abounding  with 
mammiferous  rejnains,  which  have  not  as  yet  been 
examined  by  Professor  Owen,  but  which  include  some 
large,  but  mostly  small,  species  of  Pachydermata, 
Edentata,  and  Rodentia.  From  the  appearance  of  the 
pale-coloured,  fine-grained  beds,  I  was  inclined  to 
believe  that  they  corresponded  with  the  upper  beds  of 
the  S.  Cruz;  but  Professor  Ehrenberg,  who  has  examined 
some  of  the  specimens,  informs  me  that  the  included 
microscopical  organisms  are  wholly  different,  being 
fresh  and  brackish  water  forms.  Hence  the  200  to 
300  feet  plain  at  Port  Gallegos  is  of  unknown  age,  but 
probably  of  subsequent  origin  to  the  great  Patagonian 
tertiary  formation. 

Eastern  Tierra  del  Fuego. — Judging  from  the 
height,  the  general  appearance,  and  the^white  colour 
of  the  patches  visible  on  the  hill  sides,  the  uppermost 
plain,  both  on  the  north  and  western  side  of  the  Strait 
of  Magellan,  and  along  the  eastern  coast  of  Tierra  del 
Fuego  as  far  south  as  near  Port  St.  Polycarp,  probably 
belongs  to  the  great  Patagonian  tertiary  formation. 
These  higher  table-ranges  are  fringed  by  low,  irregular, 
extensive  plains,  belonging  to  the  boulder  formation,* 
and  composed  of  coarse  unstratified  masses,  sometimes 
associated  (as  north  of  C.  Virgin's)  with  fine,  laminated, 
muddy  sandstones.      The  cliffs  in  Sebastian  Bay  are 

'  Described  in  the  '  Geological  Transactions,'  vol.  vi.  p.  4 J 6. 


386  Summary  on  the  Patagonian      pabt  ii. 

• 

200  feet  in  height,  and  are  composed  of  fine  sandstones, 
often  in  curvilinear  layers,  including  hard  concretions 
of  calcareous  sandstone,  and  layers  of  gravel.  In  these 
beds  there  are  fragments  of  wood,  legs  of  crabs,  barnacles 
encrusted  with  corallines  still  partially  retaining  their 
colour,  imperfect  fragments  of  a  Pholas  distinct  from 
any  known  species,  and  of  a  Venus,  approaching  very 
closely  to,  but  slightly  different  in  form  from,  the 
F.  lenticularis^  a  species  living  on  the  coast  of  Chile. 
Leaves  of  trees  are  numerous  between  the  laminad  of 
the  muddy  sandstone ;  they  belong,  as  I  am  informed 
by  Dr.  J.  D.  Hooker,^  to  three  species  of  deciduous 
beech,  different  from  the  two  species  which  compose 
the  great  proportion  of  trees  in  this  forest-clad  land. 
From  these  facts  it  is  diflScult  to  conjecture,  whether 
we  here  see  the  basal  part  of  the  great  Patagonian 
formation,  or  some  later  deposit. 

Summary  on  the  Patagonian  Tertiary  Formation, 
— Four  out  of  the  seven  fossil  shells,  from  Sf.  Fe  in 
Entre  Bios,  were  found  by  M.  d'Orbigny  in  the  sand- 
stone of  the  Rio  Negro,  and  by  me  at  San  Josef.  Three 
out  of  the  six  from  San  Josef  are  identical  with  those 
from  Port  Desire  and  S.  Julian,  which  two  places  have 
together  fifteen  species,  out  of  which  three  are  common 
to  both.  Santa  Cruz  has  seventeen  species,  out  of 
which  five  are  common  to  Port  Desire  and  S.  Julian* 
Considering  the  difference  in  latitude  between  these 
several  places,  and  the  small  number  of  species  altogether 
collected,  namely  thirty-six,  I  conceive  the  above  pro* 
portional  number  of  species  in  common,  is  sufficient  to 
show  that  the  lower  fossiliferous  mass  belongs  near^, 
I  do  not  say  absolutely,  to  the  same  epoch.  What  this 
epoch  may  be,  compared  with  the  European  tertiary 
stages,  M.  d'Orbigny  will  not  pretend  to  determine. 

'  •  Jlnt-ny  of  the  Antarctic  Voyage,'  p.  212. 
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The  thirty-six  species  (including  those  collected  by 
myself  and  by  M.  d'Orbigny)  are  all  extinct,  or  at  least 
unknown ;  but  it  should  be  borne  in  mind,  that  the 
present  coast  consists  of  shingle,  and  that  no  one,  I 
believe,  has  dredged  here  for  shells;  hence  it  is  not 
improbable  that  some  of  the  species  may  hereafter  be 
found  living.  Some  few  of  the  species  are  closely  related 
with  existing  ones ;  this  is  especially  the  case,  according 
to  M.  d'Orbigny  and  Mr.  Sowerby,  with  the  JPt/^ti^ 
Patagonicus  ;  and,  according  to  Mr.  Sowerby,  with 
the  Pyrulay  the  Venus  meridionalis^  the  Crepidvla 
gregaria^  and  the  TurriteUa  amhuldcrum^  and  T, 
Patagonica,  At  least  three  of  the  genera,  namely, 
CucuUaea,  Grassatella,  and  (as  determined  by  Mr. 
Sowerby)  Struthiolaria,  are  not  found  in  this  quarter 
of  the  world  ;  and  Trigonocelia  is  extinct.  The  evidence 
taken  altogether  indicates  that  this  great  tertiary 
formation  is  of  considerable  antiquity  5  but  when  treat- 
ing of  the  Chilian  beds,  I  shall  have  to  refer  again  to 
this  subject. 

The  white  pumiceous  mudstone,  with  its  abundant 
gvpsum,  belongs  to  the  same  general  epoch  with  the 
underlying  fossiliferous  mass,  as  may  be  inferred  from 
the  shells  included  in  the  intercalated  layers  at  Neuvo 
Gulf,  S.  Julian,  and  S.  Cruz.  Out  of  the  twenty-seven 
marine  micJroscopic  structures  found  by  Prof.  Ehrenberg 
in  the  specimens  from  S.  Julian  and  Port  Desire,  ten 
are  common  to  these  two  places:  the  three  found  at 
Neuvo  Gulf  are  distinct.  I  have  minutely  described 
this  deposit,  from  its  remarkable  characters  and  its 
wide  extension.  From  Coy  Inlet  to  Port  Desire,  a  dis- 
tance of  230  miles,  it  is  certainly  continuous ;  and  I 
have  reason  to  believe  that  it  likewise  extends  to  the 
Rio  Chupat,  Neuvo  Gulf  and  San  Josef,  a  distance  of 
570  miles  :  we  have,  also,  seen  that  a  single  layer  occurs 
20 
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at  the  Rio  Negro.     At  Port  S.  Julian  it  is  from  800  to 
900  feet  in  thickness ;  and  at  S.  Cruz  it  extends,  with 
a  slightly  altered  character,  up  to  the  Cordillera.     From 
its  microscopic  structure,  and   from   its  analogy  with 
other  formations  in  vcdcanic  districts,  it  must  be  con* 
sidered  as  originally  of  volcanic  origin :  it  may  have 
been  formed  by  the   long-continued   attrition  of  vabt 
quantities  of  pumice,  or,  judging  from  the  manner  in 
which  the  mass  becomes,  in  ascending  the  valley  of  S. 
Cruz,  divided  into  variously  coloured  layers,  frx)m  the 
long-continued  eruption  of  clouds  of  fine  ashes.     In 
either  case,  we  must  conclude,  that  the  southern  volcanic 
orifices  of  the  Cordillera,  now  in  a  dormant  state,  were 
at  about  this  period  over  a  wide  space,  and  for  a  great 
length  of  time,  in  action.     We  have  evidence  of  this 
fact,  in  the  latitude  of  the  Kio  Negro  in  the  sandstone- 
conglomerate  with  pumice,  and  demonstrative  proof  of 
it,  at  S.  Cruz,  in  the  vast  deluges  of  basaltic  lava :  at 
this  same  tertiary  period,  also,  there  is  distinct  evidence 
of  volcanic  action  in  Western  Banda  Oriental. 

The  Patagonian  tertiary  formation  extends  continu- 
ously, judging  from  fossils  alone,  from  S.  Cruz  to 
near  the  Rio  Colorado,  a  distance  of  above  600  miles, 
and  reappears  over  a  wide  area  in  Entre  Riosand  Banda 
Oriental,  making  a  total  distance  of  1,100  miles;  bat 
this  formation  undoubtedly  extends  (though  no  fossils 
were  collected)  far  south  of  the  S.  Cruz,  and,  accord- 
ing to  M.  d'Orbigny,  120  miles  north. of  St.  P6.  At 
8.  Cruz  we  have  seen  that  it  extends  across  the  con- 
tinent ;  being  on  the  coast  about  800  feet  in  thickness 
(and  rather  more  at  S.  Julian),  and  rising  with  the 
contemporaneous  lava-streams  to  a  height  of  aboat 
8,000  feet  at  the  base  of  the  Cordillera.  It  rests, 
wherever  any  underlying  formation  can  be  seen,  on 
plutonic  and  metamorphic  rocks.     Including  the  newer 
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Pampean  deposit,  and  those  strata  in  eastern  Tierra  del 
Fuego  of  doubtful  age,  as  well  as  the  boulder  formation, 
we  have  a  line  of  more  than  twenty-seven  degrees  of 
latitude,  equal  to  that  from  the  Straits  of  Gibraltar  to 
the  south  of  Iceland,  continuously  composed  of  tertiary 
formations.  Throughout  this  great  space  the  land  has 
been  upraised,  without  the  strata  having  been  in  a 
single  instance,  as  far  as  my  means  of  observation  went, 
unequally  tilted  or  dislocated  by  a  fault. 


Tertiary  Formations  on  the  West  Coast, 

Chonos  Archipelago. — ^The  numerous  islands  of  this 
group,  with  the  exception  of  Lemus,  Tpun,  consist 
of  metamorphic  schists ;  these  two  islands  are  formed  of 
Boftish  grey  and  brown,  fusible,  often  laminated  sand- 
stones, containing  a  few  pebbles,  fragments  of  black 
lignite,  and  numerous  mammillated  concretions  of  hard 
calcareous  sandstone.  Out  of  these  concretions  at  Ypun 
(lat.  40°  30'  S.),  I  extracted  the  four  following  extinct 
species  of  shells  : — ' 

1.  Tnrritella  sutnralig,  G.  B.  Sowerby.PL  III.  f.  60  (also  Navidad). 

2.  SigaretuB  subglobos-s.  do.  PL  TIL  f.  36,  37.  (do.) 

3.  Cythenea  (?)  salcnlosa  (7),  do.  PL  U.  f.  14  (also  Chiloe  and 

fluafo  7). 

4.  Voluta,  fragments  of. 

In  the  northern  parts  of  this  group  there  are  some 
cliffs  of  gravel  and  of  the  boulder  formation.  In  the 
southern  part  (at  P.  Andres  in  Tres  Montes),  there  is 
a  volcanic  formation,  probably  of  tertiary  origin.  The 
lavas  attain  a  thickness  ot  from  200  to  300  feet ;  they 
are  extremely  variable  in  colour  and.  nature,  being 
compact,  or  brecciated,  or  cellular,  or  amygdaloidal 
with  zeolite,  agate  and  bole,  or  porphyritic  with  glassy 
albitic  feldspar,    l^iere  is  also  muih  imperfect  rnbbly 
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pitchstone,  with  the  interstices  charged  with  powdery 
carbonate  of  lime  apparently  of  contemporaneous  origin. 
These  lavas  are  conformably  associated  with  strata  of 
breccia  and  of  brown  tuff  containing  lignite.  The 
whole  mass  has  been  broken  up  and  tilted  at  an  angle 
of  45°,  by  a  series  of  great  volcanic  dikes,  one  of  which 
was  thirty  yards  in  breadth.  This  volcanic  formation 
resembles  one,  presently  to  be  described,  in  Chiloe. 

Huafo. — This  island  lies  between  the  Chonos  and 
Chiloe  groups:  it  is  about  800  feet  high,  and  perhaps 
has  a  nucleus  of  metamorphic  rocks.  The  strata  wh\ch 
I  examined  consisted  of  fine-grained  muddy  sandstones, 
with  fragments  of  lignite  and  concretions  of  calcareous 
sandstone.  I  collected  the  following  extinct  shellsi  of 
which  the  Turritella  was  in  great  numbers : — 

1.  Bulla  cosmophila,  0.  B.  Sowerbj,  PI.  III.  f.  35. 

2.  Pleurotoma  subaequalis,  do.  PL  IV.  f.  52. 

3.  Fusus  cleryanus,  d'Orbig.  •  Voy.  PaL'  PL  XII.  1  6,  7  (also  &fc 

Coquimbo). 

4.  Triton  leuoostomoides,  G.  B.  Sowerby,  PL  IV.  f.  64. 

5.  Turritella  Chilensis,  do.  PL  IV.  f.  51  (also  Mocha). 

6.  Veons,  probably  a  distiLCt  species,  but  very  imperfect. 

7.  Cythenea  (?)  sulculosa  (?),  do.  PL  II.  f.  14. 

8.  Dentalium  majos,  G.  B.  Sowerby,  PL  II.  f.  S. 

Chiloe, — ^This  fine  island  is  about  100  miles  in 
length.  The  entire  southern  part,  and  the  whole 
western  coast,  consists  of  mica-schist,  which  likewise  is 
seen  in  the  ravines  of  the  interior.  The  central  moun- 
tains rise  to  a  height  of  3,000  feet,  and  are  said  to  be 
partly  formed  of  granite  and  greenstone:  there  are 
two  small  volcanic  districts.  The  eastern  coast,  and 
large  parts  of  the  northern  extremity  of  the  island  are 
composed  of  gravel,  the  boulder  formation,  and  under- 
lying horizontal  strata.  The  latter  are  well  displayed 
for  twenty  miles  north  and  south  of  Castro ;  they  vary 
in  character  from  common  sandstone  to  finegrained, 
laminated   mudstones:  all  the  specimens  which  I  ex- 
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amined  are  easily  fusible,  and  some  of  the  beds  might 
be  called  volcanic  grit-stones.  These  latter  strata  are 
perhaps  related  to  a  mass  of  columnar  trachyte  which 
occurs  behind  Castro.  The  sandstone  occasionally  in- 
cludes pebbles,  and  many  fragments  and  layers  of  lignite ; 
of  the  latter,  some  are  apparently  formed  of  wood  and 
others  of  leaves :  one  layer  on  the  N  W.  side  of  Lemny 
is  nearly  two  feet  in  thickness.  There  is  also  much 
silicified  wood,  both  common  dicotyledonous  and  coni- 
ferous :  a  section  of  one  specimen  in  the  direction  of  the 
medullary  rays  has,  as  I  am  informed  by  Mr.  B.  Brown, 
the  discs  in  a  double  row  placed  alternately,  and  not 
opposite  as  in  the  true  Araucaria.  I  found  marine 
remains  only  in  one  spot,  in  some  concretions  of  hard 
calcareous  sandstone :  in  several  other  districts  I  hav0 
observed  that  organic  remains  were  exclusively  confined 
to  such  concretions ;  are  we  to  account  for  this  fact,  by 
the  supposition  that  the  shells  lived  only  at  these  points, 
or  is  it  not  more  probable  that  their  remains  were  pre- 
served only  where  concretions  were  formed  ?  The  shells 
here  are  in  a  bad  state,  they  consist  of: — 

1.  Tellinides  (?)  oblonga,  G.  B.  Sowerby,  PI.  II.  f.  12  (a  soleuella 

in  M.  d^Ch'bigny  B  opiniou). 

2.  Natica  striolata.  G.  W.  Sowerhy,  PI.  HL  £.  39. 

3.  Nat  ca  (?)  pomila,  do.  PI  III.  f  38. 

4  Cj'tbenea  (?)  solcnlosa,  do.  PI.  II.  f.  14  (ab»  Tpan  and  Ho&fof) 

At  the  northern  extremity  of  the  island,  near  S. 
Carlos,  there  is  a  large  volcanic  formation,  between  500 
and  700  feet  in  thickness.  The  commonest  lava  is 
blackish-grey  or  brown,  either  vesicular,  or  amygda- 
loidal  with  calcareous  spar  and  bole :  most  even  of  the 
darkest  varieties  fuse  into  a  pale-coloured  glass.  The 
next  commonest  variety  is  a  rubbl^,  rarely  well  charac- 
terised pitchstone  (fusing  into  a  white  glass)  which 
passes  in  the  most  irregular  manner  into  stony  gray 
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lavas.  This  pitchstone,  as  well  as  some  purple  clay- 
stoDe  porphyry,  certainly  flowed  in  the  form  of  streams. 
These  various  lavas  often  pass,  at  a  considerable  depth 
from  the  surface,  in  the  most  abrupt  and  singular 
manner  into  wacke.  Great  masses  of  the  solid  rock  are 
breccinted,  and  it  was  generally  impossible  to  discover 
whether  the  recementing  process  had  been  an  igneous 
or  aqueous  action.^  The  beds  are  obscurely  separated 
from  each  other  ;  they  are  sometimes  parted  by  seams 
of  tuff  and  layers  of  pebbles.  In  one  place  they  rested 
on,  and  in  another  place  were  capped  by,  tuffs  and  grit- 
stones, apparently  of  submarine  origin. 

The  neighbouring  peninsula  of  Lacuy  is  almost 
wholly  formed  of  tufaceous  deposits,  connected  probably 
in  their  origin  with  the  volcanic  hills  just  described. 
The  tuffs  are  |)ale-coloured,  alternating  with  laminated 
mudstones  and  sandstones  (all  easily  fusible)  and  passing 
sometimes  into  fine  grained  white  beds  strikingly  re- 
sembling the  great  upper  infhsorialdepositof  Patagonia, 
and  sometimes  into  brecciolas  with  pieces  of  pumice  in 
the  last  stage  of  decay ;  these  again  pass  into  ordinary 
coarse  breccias  and  conglomerates  of  hard  rocks.  With- 
in very  short  distances,  some  of  the  finer  tuffs  often 
passed  into  each  other  in  a  peculiar  manner,  namely, 
by  irregular  polygonal  concretions  of  one  variety  in- 
creasing so  much  and  so  suddenly  in  size,  that  the 
second  variety,  instead  of  any  longer  forming  the  entire 
mass,  was  left  merely  in  thin  veins  between  the  ooncre- 

*  In  a  cliff  of  the  hardest  fragmentary  mas8,  I  foand  several 
toTtnoDS,  vertical  veins,  varying  in  thickness  from  a  few  tenths  of  an 
inch  to  ooe  inch  and  a  half,  of  a  Fubg lance  whicii  I  have  not  seen 
described.  It  is  glossy,  and  of  a  brown  ooloar ;  it  is  thinly  laminated, 
with  the  laminae  transparent  and  elastic ;  ii  is  a  little  harder  than 
calcareous  spar ;  it  is  infusii'le  under  the  blowpipe,  sometimes  decre- 
pitates, gives  OQt  water,  curls  up,  blackens  and  becomes  magnetic. 
Borax  easily  dissolves  a  oonsiderable  quantity  of  it,  and  gives  a 
glass  tinged  with  green.  I  have  no  idea  what  ita  true  nature  ia. 
On  first  seeing  it,  I  mistook  it  for  lignite  1 
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tions.     In  a  straight  line  of  cliffs,  at  Point  Tenuy,  I 
ezamiued  the  following  remarkable  Bection  : — 


On  the  left  hand,  the  lower  part  (A  A)  consists  of  regalar, 
alternating  strata  of  brown  taffs  and  gi-eenish  laminated 
mndstone,  gently  inclined  to  the  right,  and  confonnably 
covered  by  a  mass  (B  fe/I)  of  a  white,  tafaceoue  and 
brecciolated  deposit.  On  the  right  hand,  the  whole 
cliff  (B  B  righS)  consists  of  the  same  white  tnfaceous 
matter,  which  on  this  side  presents  scarcely  a  trace  of 
stratification,  but  to  the  led  becomes  very  gradaally 
and  rather  indistinctly  divided  into  strata  quite  con- 
formable with  the  nnderlying  beds  (A  A) :  moreover,  a 
few  hundred  yards  farther  bo  the  left,  where  the  surface 
has  been  less  denuded,  the  tufaceous  strata  (B  Uf()  ard 
conformably  covered  by  another  set  of  strata,  like  the 
underlying  ones  (A  A)  of  this  section.  In  the  middle 
of  the  digram,  the  beds  (A  A)  are  seen  to  be  abruptly 
cnt  ofi^  and  to  abut  against  the  tufaceous  non-stratified 
mass;  bat  the  line  uf  junction  has  been  aci:identally 
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not  represented  steep  enough,  for  I  particularly  noticed 
that  before  the  beds  had  been  tilted  to  the  right,  thia 
line  must  have  been  nearly  vertical.  It  appears  that  a 
current  of  water  cut  for  itself  a  deep  and  steep  sub- 
marine channel,  and  at  the  same  time  or  afterwards 
filled  it  up  with  the  tufaceous  and  brecciolated  matter, 
and  spread  the  same  over  the  surrounding  submarine 
beds;  the  matter  becoming  stratified  in  these  more 
distant  and  less  troubled  parts,  and  being  moreover 
subsequently  covered  up  by  other  strata  (like  A  A)  not 
shown  in  the  diagram.  It  is  singular  that  three  of  the 
beds  (of  A  A)  are  prolonged  in  their  proper  direction, 
as  represented,  beyond  the  line  of  junction  into  the 
white  tufaceous  matter :  the  prolonged  portions  of  two 
of  the  beds  are  rounded ;  in  the  third,  the  terminal 
fragment  has  been  pushed  upwards :  how  these  beds 
could  have  been  left  thus  prolonged,  I  will  not  pretend 
to  explain.  In  another  section  on  the  opposite  side  of 
a  promontory,  there  was  at  the  foot  of  this  same  line 
of  junction,  that  is  at  the  bottom  of  the  old  submarine 
channel,  a  pile  of  fragments  of  the  strata  (A  A;,  with 
their  interstices  filled  up  with  the  white  tufaceous 
matter :  this  is  exactly  what  might  have  been  antici- 
pated  under  such  circumstances. 

The  various  tufaceous  and  other  beds  at  this  northern 
end  of  Chiloe  probably  belong  to  about  the  same  age 
with  those  near  Castro,  and  they  contain,  as  there,  many 
fragments  of  black  lignite  and  of  silicified  and  pyritoua 
wood,  often  embedded  close  together.  They  also  con- 
tain many  and  singular  concretions :  some  are  of  hard 
calcareous  sandstone,  in  which  it  would  appear  that 
broken  volcanic  crystals  and  scales  of  mica  have  been 
better  preserved  (as  in  the  case  of  the  organic  remains 
near  Castro)  than  in  the  surrounding  mass.  Other 
concretions  in  the  white  brecciola,  are  of  a  hard  fer- 
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mginonB,  yet  fasible,  nature;  they  are  as  roand  as, 
cannon -balls,  and  vary  from  two  or  three  inches  to  two 
feet  in  diameter ;  their  inaidea  generally  consist  either 
of  fine,  scnrcely  coherent  volcanic  sand,'  or  oi'  an  argil- 
laoeoos  tnff ;  in  this  latter  case,  the  external  cmet  was 
qnite  thin  and  hard.  Some  of  the  spherical  balls  were 
encircled,  in  the  line  of  their  equators,  by  a  necklace- 
tike  row  of  smaller  concretione.  Again  there  were  other 
concretions,  irregularly  formed,  and  composed  of  a  hard, 
compact,  ash-colonred  stone,  with  an  almost  porcelain- 
oos  fracture,  adhesive  to  the  tongue,  and  without  any 
calcareous  matter.  These  beds  are,  also,  interlaced  by 
many  veins,  containing  gypsum,  ferruginous  matter, 
calcareous  spar,  and  agate.  It  was  here  seen  with  r^ 
markable  distinctness,  how  intimately  concretionary 
action  and  the  production  of  fissnres  and  veins  are  re- 
lated together.  The  following  diagram  is  an  accurate 
No.  36. 

Ommd  Fbo  ibDwing  Uh  nbHoD  betvatn  Tdoi 


representation  of  a  horizontal  space  of  tuff,  about  foar 
The  freqneDt  ceodencr  in  iron  to  form  holbw  ooncKlioiu  or  shell  - 
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feet  long  by  two  and  a  half  in  width :  the  doable  lines 
represent  the  fissures  partially  filled  with  oxide  of  iron 
and  agate  :  the  curvilinear  lines  show  the  course  of  the 
innumerable,  concentric,  concretionary  zones  of  different 
shades  of  colour  and  of  coarseness  in  the  particles  of 
tuff.  The  symmetry  and  complexity  of  tiie  arrangement 
gave  the  surface  an  elegant  appearance.  It  may  be 
seen  how  obviously  the  fissures  determine  (or  have  been 
determined  by)  the  shape,  sometimes  of  the  whole  con- 
cretion, and  sometimes  only  of  its  central  parts.  The 
fissures  also  determine  the  curvatures  of  the  long  undu- 
lating zones  of  concretiooary  action.  From  the  varying 
composition  of  the  veins  and  concretions,  the  amount 
of  chemical  action  which  the  mass  has  undergone  is 
surprisingly  great ;  and  it  would  likewise  appear  from 
the  difference  in  size  in  the  particles  of  the  concretionary 
zones,  that  the  mass,  also,  has  been  subjected  to  internal 
mechanical  movements. 

In  the  peninsula  of  Lacuy,  the  strata  over  a  width 
of  four  miles  have  been  upheaved  by  three  distinct,  and 
some  other  indistinct,  lines  of  elevation,  ranging  with- 
in a  point  of  north  and  south.  One  line,  about  200 
feet  in  height,  is  regularly  anticlinal,  with  the  strata 
dipping  away  on  both  sides,  at  an  angle  of  15^,  from  a 
central  '  valley  of  elevation,'  about  300  yards  in  width. 
A  second  narrow  steep  ridge,  only  sixty  feet  high,  is 
uniclinal,  the  strata  throughout  dipping  westward; 
those  on  both  flanks  being  inclined  at  an  angle  of  from 
ten  to  fifteen  degrees ;  whilst  those  on  the  ridge  dip  in 
the  same  direction  at  an  angle  of  between  thirty  and 
forty  degrees.  This  ridge,  traced  northwards,  dies  away ; 
and  the  bads  at  its  terminal  point,  instead  of  dipping 
westward,  are  inclined    12^  to  the  north.     This  case 

oontatning  inoohereat  matter  is  singular;  D'Anbttisson  (*Tndt6ds 
Gdogn.'  torn.  i.  p.  318}  remarks  on  this  circomstance. 
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interested  me,  as  being  the  first  in  which  I  found  in 
South  America,  formations  perhaps  of  tertiary  origin, 
broken  by  lines  of  elevation. 

Valdivia:  IsUwd  of  Mocha, — The  formations  of 
Chiloe  seem  to  extend  with  nearly  the  same  character 
to  Valdivia,  and  for  some  leagues  northward  of  it :  the 
underlying  rocks  are  micaceous  schists,  and  are  covered 
up  with  sandstone  and  other  sedimentary  beds,  including, 
as  I  was  assured,  in  many  plcMces  layers  of  lignite.  I 
did  not  land  on  Mocha  flat.  38^  20'),  but  Mr.  Stokes 
brought  me  specimens  of  the  gray,  fine-grained,  slightly 
calcareous  sandstone,  precisely  like  that  of  Huafo,  con- 
taining lignite  and  numerous  TnrritellsB.  The  island  is 
flat  topped,  1,240  feet  in  height,  and  appears  like  an 
outlier  of  the  sedimentary  beds  on  the  mainland.  The 
few  shells  collected  consist  of: — 

1.  Turrit ella  Chilensis,  G.  B.  Sowprby,  PI.  IV.  f.  51  (also  at  Hoafo). 

2.  Fmrnfi,  very  imperfect,  somewha*  resembling  F.  subreflezas  of 

Navidad  (PI.  IV.  f.  67),  but  probaLly  diiferent.     • 

3.  YenuB,  fragments  of. 

Concepcion, — Sailing  northward  from  Valdivia,  the 
coast-clifls  are  seen,  first  to  assume  near  the  R.  Tolten, 
and  thence  for  150  miles  northward,  to  be  continued 
with  the  same  mineralogical  chaxacters,  immediately  to 
be  described  at  Concepcion.  I  heard  in  many  places 
of  bed  sof  lignite,  some  of  it  fine  and  glossy,  and  likewise 
of  silicified  wood ;  near  the  Tolten  the  clifis  are  low, 
but  they  soon  rise  in  height ;  and  the  horizontal  strata 
are  prolonged,  with  a  nearly  level  surface,  until  coming 
to  a  more  lofty  tract  between  points  Bumena  and 
Lavapie.  Here  the  beds  have  been  broken  up  by  at 
least  eight  or  nine  parallel  lines  of  elevation,  ranging 
E.  or  ENE.,  and  W.  or  WSW.  These  lines  can  be 
followed  with  the  eye  many  miles  into  the  interior; 
they  are  all  uniclinal,  the  stratii  in  each  dipping  to  ii 
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point  betv^een  S.  and  SSE.  with  an  inclination  in 
the  central  lines  of  about  forty  degrees,  and  in  the 
outer  ones  of  under  twenty  degrees.  This  band  of 
symmetrically  troubled  country  is  about  eight  miles  in 
width. 

The  island  of  Quinquina,  in  the  Bay  of  Concepcion, 
is  formed  of  various  sofb  and  often  ferruginous  sand* 
stones,  with  bands  of  pebbles,  and  with  the  lower  strata 
sometimes  passing  into  a  conglomerate  resting  on  the 
underlying  metamorphic  schists.  These  beds  include 
subordinate  layers  of  greenish  impure  clay,  sofb  mica- 
ceous and  calcareous  sandstones,  and  reddish  friable 
earthy  matter  with  white  specks  like  decomposed  crystals 
of  feldspar ;  they  include,  also,  hard  concretions,  frag- 
ments of  shells,  lignite,  and  silicified  wood.  In  the 
upper  part  they  pass  into  white,  sofb  sediments  and 
brecciolas,  very  like  those  described  at  Ghiloe ;  as  in- 
deed is  the  whole  formation.  At  Lirguen  and  other 
places  on'  the  eastern  side  of  the  bay,  there  are  good 
sections  of  the  lower  sandstones,  which  are  generally 
ferruginous,  but  which  vary  in  character,  and  even  pass 
into  an  argillaceous  nature ;  they  contain  hard  concre^ 
tions,  fragments  of  lignite,  silicified  wood,  and  pebbles 
(of  the  same  rocks  with  the  pebbles  in  the  sandstones 
of  Quiriqnina),  and  they  alternate  with  numerous,  often 
very  thin  layers  of  imp3rfect  coal,  generally  of  little 
specific  gravity.  The  main  bed  here  is  three  feet  thick ; 
and  only  the  coal  df  this  one  bed  has  a  glossy  fracture. 
Another  irregular,  curvilinear  bed  of  brown,  compact 
lignite,  is  remarkable  for  being  included  in  a  mass  of 
coarse  gravel.  These  imperfect  coals,  when  placed  in  a 
heap,  ignite  spontaneously.  The  cliQs  on  this  side  of 
the  bay,  as  well  as  on  the  island  of  Quiriqnina,  are 
capped  with  red  friable  earth,  which,  as  stated  in  the 
jiinth  chapter,  is  of  recent  formation.     The  stratifica* 
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tion  in  this  neighbourhood  is  generally  horizontal ;  but 
near  Lirguen  the  beds  dip  N W.  at  an  angle  of  23° ; 
near  Concepcion  they  are  also  inclined :  at  the  northern 
end  of  Quinquina  they  have  been  tilted  at  an  angle  of 
80°  and  at  the  southern  end  at  angles  varying  from  15° 
to  40° :  these  dislocations  must  have  taken  place  under 
the  sea. 

A  collection  of  shells,  from  the  island  of  Quiriquina, 
has  been  described  by  M.  d'Orbigny :  they  are  all  extinct, 
and  from  their  generic  character,  M.  d'Orbigny  inferred 
that  they  were  of  tertiary  origin :  they  consist  of: — 


1.  Scalaiia  CbilensiB,  d'Orbig. 

*  Voyage,  Part.  PaL' 

2.  Natica  Araucana,  do. 

3.  Natica  anstralis,  do. 

4.  Fosns  dlfficilis,  do. 

5^  Fymla  longirostra,  do. 

6.  Pleurotoma  Araacana,  do. 

7.  Gardlom  anca,  do. 


8.  Cardiam      acnticostatnm. 

d'Orbig.    •  Voyages,  PaL* 

9.  Yenns  anca,  do. 

10.  Mactra  cecileana,  do. 

11.  Mact^ra  Arancana,  do. 

12.  Area  Araucana,  do. 

13.  Nucula  Lar^Iierti,  do. 

14.  Trigonia  Hanetiana,  da 


During  a  second  visit  of  the  Beagle  to  Concepcion, 
Mr.  Kent  collected  for  me  some  silicified  wood  and 
shells  out  of  the  concretions  in  the  sandstone  from  Tome, 
situated  a  short  distance  north  of  Lirguen ;  they  consist 
of:— 


1.  Katica     anstralis,     d^Orbig. 

« Voyage,  PaL' 

2.  Mactra  Aiaucana,  do. 

3.  TrigODia  Hanetiana,  do. 

4.  Pecten,  fragments    of,    pro- 

bably two  species,  bat  too 


imperfect  for   description. 

5.  Bacnlites  vagina,  B.  Forbes, 

PL  v.  f.  3. 

6.  Nantilos    d'Orbignyanos,  E. 

Forbes,  PL  Y.  1 1  (a)   and 
1(b). 


Besides  these  shells,  Captain  Belcher^  found  here  an 
Ammonite^  nearly  three  feet  in  diameter,  and  so  heavy 
that  he  could  not  bring  it  away ;  fragments  are  deposited 
at  B  aslar  Hospital :  he  also  found  the  silicified  vertebrsB 
of  some  very  large   animal.      From  the   identity  in 


■*  Zoology  of  Capt  Belcher's  Voyage,*  p.  163L 
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mineralogical  nature  of  the  rocks,  and  from  Captain 
Belcher  8  minute  description  of  the  coast  between  Lirguen 
and  Tome,  the  fossiliferous  concretions  at  this  latter 
place  certainly  belong  to  the  same  formation  with  the 
beds  examined  by  myself  at  Lirguen ;  and  these  again 
are  undoubtedly  the  same  with  the  strata  of  Quiriquina; 
moreover,  the  three  first  of  the  shells  from  Tome,  though 
associated  in  the  same  concretions  with  the  Baculite, 
are  identical  with  the  species  from  Quiriquina.  Hence 
all  the  sandstone  and  lignitiferous  beds  in  this  neigh- 
bourhood certainly  beloilg  to  the  same  formation.  Al- 
though the  generic  character  of  the  Quiriquina  fossils 
naturally  led  M.  d'Orbigny  to  conceive  that  they  were 
of  tertiary  origin,  yet  as  we  now  find  them  associated 
with  the  Baculites  vagina  and  with  an  Ammonite,  we 
must,  in  the  opinion  of  M.  d'Orbigny,  and  if  we  are 
guided  by  the  analogy  of  the  Northern  Hemisphere,  rank 
them  in  the  Cretaceous  systetu.  Moreover,  the  BaculUes 
vagiyia^  which  is  in  a  tolerable  state  of  preservation, 
appears  to  Professor  E.  Forbes  certainly  to  be  identical 
with  a  species,  so  named  by  him,  from  Pondicherry  in 
India ;  where  it  is  associated  with  numerous  decidedly 
cretaceous  species,  which  approach  most  nearly  to  Lower 
Greensand  or  Neocomian  forms :  this  fact,  considering 
the  vast  distance  between  Chile  and  India,  is  truly  sur- 
prising. Again,  the  NautUiis  dSOrhignyanuB^  as  far 
as  its  imperfect  state  allows  of  comparison,  resembles, 
as  I  am  informed  by  Professor  Forbes,  both  in  its  general 
form  and  in  that  of  its  chambers,  two  species  firom  the 
Upper  Greensand.  It  may  be  added  that  every  one  of 
the  above-named  genera  from  Quiriquina,  which  have 
an  apparently  tertiary  character,  are  found  in  the  Pon- 
dicherry strata.  There  are,  however,  some  difficulties 
on  this  view  of  the  formations  at  Concepcion  being  cre- 
taceous, which  I  shall  afterwards  allude  to ;  and  I  will 
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here  only  state  that  the  Ca/rdium  auca  is  foand  also  at 
Coquimbo,  the  beds  at  which  place,  there  can  be  no 
doubt,  are  tertiary. 

Navidad} — ^The  Concepcion  formation  extends  some 
distance  nor&ward,  but  how  far  I  know  not ;  for  the 
next  point  at  which  I  landed  was  at  Navidad,  160  miles 
north  of  Concepcion,  and  60  miles  south  of  Valparaiso. 
The  cliffs  here  are  about  800  feet  in  height;  they 
consist,  wherever  I  could  examine  them,  of  fine-grained, 
yellowish,  earthy  sandstones,  with  ferruginous  veins,  and 
with  concretions  of  hard  calcareous  sandstone.  In  one 
part,  there  were  many  pebbles  of  the  common  meta- 
morphic  porphyries  of  the  Cordillera:  and  near  the 
base  of  the  cliff,  I  observed  a  single  rounded  boulder  of 
greenstone,  nearly  a  yard  in  diameter.  I  traced  this 
sandstone  formation  beneath  the  superficial  covering  of 
gravel,  for  some  distance  inland :  the  strata  are  slightly 
inclined  from  the  sea  towards  the  Cordillera,  which 
apparently  has  been  caused  by  their  having  been  accu- 
mulated against  or  round,  outlying  masses  of  granite, 
of  which  some  points  project  near  the  coast.  The  sand- 
stone contains  fragments  of  wood,  either  in  the  state  of 
lignite  or  partially  silicified,  sharks'  teeth,  and  shells  in 
great  abundance,  both  high  up  and  low  down  the  sea- 
cliffs.  Pectunculus  and  Oliva  were  most  numerous  in 
individuals,  and  next  to  them  Turritella  and  Fnsus.  I 
collected  in  a  short  time,  though  suffering  from  illness, 
the  following  thirty-one  species,  all  of  which  are  extinct, 
and  several  of  the  genera  do  not  now  range  (as  we  shall 
hereafter  show)  nearly  so  far  south : — 

1.  Gastaridimn  oepa.  O.  B.  Sowerby,  Fl.  IT.  f.  68,  69. 
8.  Monnceros,  f ragnleDts  of,  ooosidered  by  M.  d'OtUgoy  at  a  new 
8pocie8» 

'  I  was  gnided  to  thu  locality  by  the  Report  on  M.  Gay's  'Geolo* 
gical  Researches,'  in  the '  Annales  des  Sdenc  Nat.'  (1st  series)tom.  2S, 
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3.  Volnta  alta,  G.  B.  Sowerby,  PI.  IV.  f.  76  (considered  by  II 

d'Orbigny  as  distinct  from  the  V.  alta  of  8.  Cruz). 

4.  Voluta  triplicata,  G.  B.  Sowerby,  PJ.  IV.  f.  74. 

5.  Oliva  dimidiata,  do.  PL  IV.  f.  70,  77. 

6.  Ploorotoma  discors,  do.  PI.  IV.  f.  64. 

7.  Pleurotoma  tnrhinelloides,  do.  PI.  IV.  f.  63. 

8.  Fasus  sabreflezus,  do.  PI.  IV.  f.  67^ 

9.  Fusus  pyruliformis,  do.  PI.  IV.  f .  56. 

10.  Fusus,  allied  to  F.  regularis,  PL  IV.  f.  66  (considered  by  IL 

d'Orbigny  as  a  distinct  species). 

11.  Turritella  suturalis,  G.  B.  Sowerby,  PL  III.  f.  50. 

12.  Turritella  Patagonica  (do.),  PI.  IIL  f.  48  (fragments  of). 

13.  Trochus  laevis,  G.  B.  Sowerby,  PI  III.  f.  46,  47. 

14.  Trochus  coUaris,  do.,  PL  III.  f.  44,   45  (considered  by  HL 

d'Orbigny  as  the  young  of  the  T.  Isevis). 
16.  Cassis  monilifer,  G.  B.  Sowerby,  PL  IV.  1  66. 

16.  Pyrula  distans,  do.,  PI.  1 V.  f.  Gl. 

17.  Triton  verruculosus,  do:,  PL  IV.  f.  63. 

18.  Sigaretns  subglobosus,  G.  B.  Sowerby,  PI.  III.  f.  36,  37. 

19.  Natica  solida,  do.,  PL  III.  f.  40,  41  (it  is  doubtful  whether  the 

N.  solida  of  S.  Cruz  is  the  same  species  with  this). 

20.  Terebra  undnlifera,  G.  B.  Sowerby,  PL  IV.  f.  72,  73; 

21.  Terebra  costellata,  do.,  PI  IV.  f.  70,  71. 

22.  Bulla  (fragm3nt8  of). 

23.  Dentalium  giganteum,  do.,  PL  II.  f.  L 

24.  Dentalium  sulcosum,  do.,  PL  II.  f.  2. 

25.  Corbis  (?)  lavigata,  do.,  PI.  II.  f.  11. 

2H.  Cardium  multiiadiatum,  do.,  PL  II.  f.  14S. 

27.  Venus  meridionalis,  do.,  PL  If.  f.  13. 

28.  Pectunculus  dispar,  (7)  Desh.  (considered  by  M.  d*Orbigny  as  a 

distinct  species). 

29.  30.   Cythenea  and    Mactra,  fragments  of  (considered  by  IL 

d'Orbigny  as  new  species). 
81.  Pecten.  fragments  of. 

Coquimbo, — For  more  than  200  miles  northward  of 
Nayidad,  the  coast  consists  of  plutonic  and  metamorphio 
rocks,  with  the  exception  of  some  quite  insignificant 
superficial  beds  of  recent  origin.  At  Tonguay,  twenty- 
five  miles  south  of  Coquimbo,  tertiary  beds  recommence. 
I  have  already  minutely  described  in  the  ninth  chapter, 
the  step-formed  plaius  of  Coquimbo,  and  the  upper 
calcareons  beds  (from  twenty  to  thirty  feet  in  thickness) 
containing  shells  of  recent  species,  but  in  difierent 
proportions  from  those  on  the  beach.  There  remains 
to  be  described  only  the   underlying  ancient  tertiary 


CHAP.  xn. 


Coquimbo. 


403 


beds,  represented  in  the  following  diagram  (here  given 
again)  by  the  letters  F  and  E  : — 

No.  37. 

Section  of  the  Tertiary*  Formation  at  Ooqaimt)0ii 
Surfoce  of  plain,  26S  feet  above  aeat 


D 

B 


I     I      t     T    .t«f    7     '    . 


Level  of  Sea. 

F— Lover  Sandstone,  with  ooncretions  and  silfcifled  bones, )  with  foeedl  shells, all,  or 
S  —Upper  ferruginous)  sandstone,  with  numerons  Balani,      I     nearly  all,  extinct. 
0  and  D— Calcareons  beds  with  recent  shells.     A— Stratified  sand  in  a  ravine,  also 
with  recent  shells;. 

I  obtained  good  sections  of  bed  (F)  only  in  Herra- 
dura  Bay :  it  consists  of  soft  whitish  sandstone,  with 
ferraginous  veins,  some  pebbles  of  granite,  and  conci'e- 
tionary  layers  of  hard  calcareous  sandstone.  These 
concretions  are  remarkable  from  the  great  number  of 
large  silicified  bones,  apparently  of  cetaceous  animals, 
which  they  contain ;  and  likewise  of  a  shark's  teeth, 
closely  resembling  those  of  the  Cardiarias  megalodon. 
Shells  of  the  following  species,  of  which  the  gigantic 
Oyster  and  Perna  are  the  most  conspicuous,  are  nume- 
rously embedded  in  the  concretions  : — 

1 .  Bulla  ambigua,  d'Orbig.  *  Voyage  Pal.' 

2.  Monoceros  filainvillii,  do. 

3.  Cardium  anca,  do. 

4.  Panbpeea  Coquimbensis,  do. 
6.  Perna  Gaudichaudi.  do. 

6.  Artemis  ponderosa;  Mr.  Sowerby  can  find  no  distingniishing 

character  between  this  fossil  and  the  recent  A.  ponderosa ;  it 
is  certainly  an  Artemis,  as  shown  by  the  pallial  impression. 

7.  Ostrea  Patagonica  (?)  Mr.  Sowerby  can  point  out  no  distin- 

guishing character  between  this  species  and  that  so  eminently 
characteristic  of  the  great  Patagonian  formation ;  but  he  will 
not  pretend  to  affirm  that  they  are  identical. 

8.  Fragments  of  a  Venus  and  Natica. 

The  cliffs  on  one  side  of  Herradura  Qay  are  capped 
b^  a  mass  of  stratified  shingle,  containing  a  little  calca- 

27 
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reous  matter,  and  I  did  not  doubt  that  it  belonged  to 
the  same  recent  formation  with  the  gravel  on  the  sur- 
rounding plains,  also  cemented  by  calcareous  matter, 
until  to  my  surprise,  I  found  in  the  midst  of  it,  a  single 
thin  layer  almost  entirely  composed  of  the  above  gigantic 
oyster. 

At  a  little  distance  inland,  I  obtained  several  sections 
of  the  bed  (E),  which,  though  dififerent  in  appearance 
from  the  lower  bed  (F),  belongs  to  the  same  formation : 
it  consists  of  a  highly  ferruginous  sandy  mass,  almost 
composed,  like  the  lowest  bed  at  Port  S.  Julian,  of 
fragments  of  Balanidae ;  it  includes  some  pebbles,  and 
layers  of  yellowish-brown  mudstone.  The  embedded 
shells  consist  of: — 

1.  Monoceros  Blainvillii,  d'Orbig.  *  Voyage  PaL* 

2. ambiguus,  G.  B.  Sowerby,  PI.  IV.  f.  66, 67. 

3.  Anomia  alternans,  do.,  PI.  II.  f.  25. 

4.  Pecten  rudis,  do.,  PL  III.  f  32. 

5.  Perna  Gaudichaudi,  d'Orbig.  •  Voyage  PaL* 

6.  Ostrea  Patagonica  (?)      do. 

7.  Ostrea,  small  species,  in  imperfect  state;  it  appeared  to  me 

like  a  small  kind  now  living  in,  bat  very  rare  in  the  bay. 

8.  Mytilns  Chiloensis ;  Mr.  Sowerby  can  find  no  di8tingui8hing 

character  between  this  fossil,  as  far  as  its  not  very  perfect 
condition  allows  of  conipari^son,  and  the  recent  species. 

9.  Balanns  Coquimbensis,  G.  B.  8ower>>y,  PL  II.  f.  7. 

10.  Balanus  psittacns?  King.  This  appears  to  Mr.  Sowerhy  and 
myself  identical  with  a  very  large  and  common  species  now 
living  on  the  coast. 

The  uppermost  layers  of  this  fermgino-sandy  mass 
are  conformably  covered  by,  and  impregnated  to  the 
depth  of  several  inches  with,  the  calcareous  matter  of 
the  bed  (D)  called  hsa :  hence  I  at  one  time  imagined 
that  there  was  a  gradual  passage  between  them ;  but  as 
all  the  species  are  recent  in  the  bed  (D),  whilst  the 
most  characteristic  shells  of  the  uppermost  layers  of  (E) 
are  the  extinct  Perna,  Pecten,  and  Monoceros,  I  agree 
with  M.  d'Orbigny,  that  this  view  is  erroneous,  and  that 
there  is  only  a  mineralogical  passage  between  them. 
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and  no  gradual  transition  in  the  nature  of  their  organic 
remains.  Besides  the  fourteen  species  enumerated  from 
these  two  lower  beds,  M.  d'Orbigny  has  described  ten 
other  species  given  to  him  from  this  locality ;  namely, 


1.  Fnsns     Cleryanas,     d'Orbig. 

« Voyasfe  Pal.' 

2.  petitianus,        do. 

3.  Venus  hanetiaoa,     do. 

4. incerta  ('/)        do. 

5.  Cler^'aDa,  do. 


6.  Venns     petitiaoa,    d'Orbig. 

•  Voyage  Pal.* 

7.  ChilensiB,  do. 

8.  Solecortus  hanetianns,  do. 

9.  Blactraaaca,  do. 
10.  OUva  Serena,  do. 


Of  these  twenty-four  shells,  all  are  extinct,  except, 
according  to  Mr.  Sowerby,  the  Artemis  pond&rosay 
MyiUus  Chiloensisj  and  probably  the  great  Balanus. 

Coqidmbo  to  Copiapo. — A  few  miles  north  of  Co- 
quimbo,  I  met  with  the  ferruginous,  balanifarous  mass 
(E)  with  many  silicified  bones;  I  was  informed  that 
these  silicified  bones  occur  also  at  Tonguay,  south  of 
Goquimbo :  their  number  is  certainly  remarkable,  and 
they  seem  to  take  the  place  of  the  silicified  wood,  so 
common  on  the  coast* formations  of  southern  Chile.  In 
the  valley  of  Cha&eral,  I  again  saw  this  same  formation, 
capped  with  the  recent  calcareous  beds.  I  here  left 
the  coast,  and  did  not  see  any  more  of  the  tertiary 
formations,  Until  descending  to  the  sea  at  Copiapo: 
here  in  one  place  I  found  variously  coloured  layers  of 
sand  and  soft  sandstone,  with  seams  of  gypsum,  and  in 
another  place,  a  comminuted  shelly  mass,  with  layers 
of  rotten-stone  and  seams  of  gypsum,  including  many 
of  the  extinct  gigantic  oyster :  beds  with  these  oysters 
are  said  to  occur  at  English  Harbor,  a  few  miles  north 
of  Copiapo. 

Coast  of  Peru. — With  the  exception  of  deposits 
containing  zecent  shells  and  of  quite  insignificant 
dimensions,  no  tertiary  formations  have  been  observed 
or  this  coat^,  for  a  space  of  twenty-two  degrees  of  lati- 
tnde  north  of  Copiapo,  until  coming  to  Payta,  where 
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there  is  said  to  be  a  considerable  calcareous  deposit :  a 
few  fossils  have  been  described  by  M.  d'Orbigny  from 
this  place,  namely : — 

1.  Rostellaria  Gaudichaadi,  d'Orbig. '  Voyage  Pal.* 

2.  Pectunculas  Paytensis,  do. 

3.  Venus  petitiana,  do. 

4.  Ostrea  Patagonica?    This  great  oyster  (of  which  specimens 

have  been  given  me)  cannot  be  distinguished  by  Mr.  Sowerby 
from  some  of  the  varieties  from  Patagonia ;  though  it  would 
be  hazardous  to  assert  it  is  the  same  with  that  species,  or 
with  that  from  Coqnimbo. 

Condvding  Rema/rks. — ^The  formations  described 
in  this  chapter,  have,  in  the  case  of  Chiloe  and  probably 
in  that  of  Concepcion  and  Navidad,  apparently  been 
accumulated  in  troughs  formed  by  submarine  ridges 
extending  parallel  to  the  ancient  shores  of  the  continent ; 
in  the  case  of  the  islands  of  Mocha  and  Huafo  it  is 
highly  probable,  and  in  that  of  Ypun  and  Lemus  almost 
certain,  that  they  were  accumulated  round  isolated 
rocky  centres  or  nuclei,  in  the  same  manner  as  mud 
and  sand  is  now  collecting  round  the  outlying  islets 
and  reefs  in  the  West  Indian  archipelago.  Hence,  I 
may  remark,  it  does  not  follow  that  the  outlying  ter- 
tiary masses  of  Mocha  and  Huafo  were  ever  continuously 
united  at  the  same  level  with  the  formations  on  the 
mainland,  though  they  may  have  been  of  contempora- 
neous origin,  and  been  subsequently  upraised  to  the 
same  height.  In  the  more  northern  parts  of  Chile,  the 
tertiary  strata  seem  to  have  been  separately  accumu- 
lated in  bays,  now  forming  the  mouths  of  valleys. 

The  relation  between  these  several  deposits  on  the 
shores  of  the  Pacific,  is  not  nearly  so  clear  as  in  the. 
case  of  the  tertiary  formations  on  the  Atlantic.  Judging 
from  the  form  and  height  of  the  land  (evidence  which 
I  feel  sure  is  here  much  more  trustworthy  than  it  can 
be  in  such  broken  continents  as  that  of  Europe),  from 
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the  identity  of  minenJogical  coro  position,  from  the 
presence  of  fragments  of  lignite  and  of  silicified  wood, 
and  from  the  intercalated  layers  of  imperfect  coal,  I 
most  believe  that  the  coast-formations  fix>m  central 
Chiloe  to  Concepcion,  a  distance  of  400  miles,  are  of 
the  same  age :  firom  nearly  similar  reasons,  I  saspect 
that  the  beds  of  Mocha,  Hnafo,  and  Ypnn,  belong  also 
to  the  same  period.  The  commonest  shell  in  Mocha 
and  Huafo  is  the  same  species  of  TnrriteUa ;  and  I 
believe  the  same  Cytheraea  is  fonnd  on  the  islands  of 
Haafo,  Chiloe,  and  Ypun ;  bnt  with  these  trifling  ex- 
ceptions, the  few  organic  remains  foand  at  these  places 
are  distinct.  The  numerous  shells  firom  Navidad,  with 
the  exception  of  two,  namely,  the  Sigaretus  and  Tur- 
ritella  found  at  Ypun,  are  likewise  distinct  from  those 
found  in  any  other  part  of  this  coast.  Coquimbo  has 
Cardium  atica  in  common  with  Concepcion,  and  Fusits 
Cleryanus  with  Hnafo ;  I  may  add,  that  Coquimbo  has 
Venits  petitiana^  and  a  gigantic  oyster  (said  by 
M.  d'Orbigny  also  to 'be  found  a  little  south  of  Concep- 
cion) in  common  with  Payta,  though  this^  latter  place 
is  situated  twenty-two  degrees  northward  of  lat.  27**,  to 
which  point  the  Coquimbo  formation  extends. 

From  these  facts,  and  from  the  generic  resemblance 
of  the  fossils  from  the  diflferent  localities,  I  cannot  avoid 
the  suspicion  that  they  all  belong  to  nearly  the  same 
epoch,  which  epoch,  as  we  shall  immediately  see,  must 
be  a  very  ancient  tertiary  one.  Bnt  as  the  Baculite, 
especially  considering  its  appai-ent  identity  with  the 
Cretaceous  Pondicherry  species,  and  the  presence  of  an 
Ammonite,  and  the  resemblance  of  the  Nautilus  to  two 
upper  greensaud  species,  together  afford  very  strong 
evidence  that  the  formation  at  Concepcion  is  a  Secondary 
one ;  I  will,  in  my  remarks  on  the  fossils  from  the  other 
localities,  put  on  one  side  those  firom  Concepcion  and 
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from  Eastern  Chiloe,  which,  whatever  their  age  may  be, 
appear  to  me  to  belong  to  one  groap.  I  mnst,  however, 
again  call  attention  to  the  fact  that  the  Cardium  attna 
is  found  both  at  Goncepcion  and  in  the  nndonbtedlj 
tertiary  strata  of  Coqnimbo :  nor  should  the  possibility 
be  overlooked,  that  as  Trigonia,  though  known  in  the 
Northern  Hemisphere  only  as  a  Secondary  genus,  has 
living  representatives  in  the  Australian  seas,  so  a  Bacn- 
lite,  Ammonite,  and  Trigonia  may  have  survived  in  this 
remote  part  of  the  Southern  Ocean  to  a  somewhat  later 
period  than  to  the  north  of  the  equator. 

Before  passing  in  review  the  fossils  from  the  other 
localities,  there  are  two  points,  with  respect  to  the  for- 
mations between  Goncepcion  and  Chiloe,  which  deserve 
some  notice.  First,  that  though  the  strata  are  generally 
horizontal,  they  have  been  upheaved  in  Ghiloe,  in  a  set 
of  parallel  anticlinal  and  uniclinal  lines  ranging  north 
and  south, — in  the  district  near  P.  Rumena  by  eight 
or  nine  far-extended,  most  symmetrical,  uniclinal  lines 
ranging  nearly  east  and  west, — and  in  the  neighbourhood 
of  Goncepcion  by  less  regular  single  lines,  direct^jd  both 
NE.  and  SW.,  andNW.  and  SE.  This  fact  is  of  some 
interest,  as  showing  that  within  a  period  which  cannot 
be  considered  as  very  ancient  in  relation  to  the  history 
of  the  continent,  the  strata  between  the  Gordillera  and 
the  Pacific  have  been  broken  up  in  the  same  variously- 
directed  manner  as  have  the  old  plutonic  and  meta- 
morphic  rocks  in  this  same  district.  The  second  point 
is,  that  the  sandstone  between  Goncepcion  and  Southern 
Ghiloe  is  everywhere  lignitiferous,  and  includes  much 
silicified  wood;  whereas  the  formations  in  Northern 
Chile  do  not  include  beds  of  lignite  or  coal,  and  in  place 
of  the  fragments  of  silicified  wood  there  are  silicified 
bones.  Now,  at  the  present  day,  from  Gape  Horn  to 
near  Goncepcion,  the  land  is  entirely  concealed  by  forests, 
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which  thin  out  at  ConcepcioD,  and  in  central  and 
Northern  Chile  entirely /disappear.  This  coincidence  in 
the  distribation  of  the  fossil  wood  and  the  living  forests 
may  be  quite  accidental ;  bat  I  incline  to  take  a  diffe- 
rent view  of  it;  for,  as  the  difference  in  climate,  on 
which  the  presence  of  forests  depends,  is  here  obvioasly 
in  chief  part  dne  to  the  form  of  the  land,  and  as  the 
Cordillera  undoubtedly  eaist^  when  the  lignitiferous 
beds  were  accumulating,  I  conceive  it  is  not  improbable 
that  the  climate,  during  the  lignitiferous  period,  varied 
on  different  parts  of  the  coast  in  a  somewhat  similar 
manner  as  it  now  does.  Looking  to  an  earlier  epoch, 
when  the  strata  of  the  Cordillera  were  depositing,  there 
were  islands  which  even  in  the  latitude  of  Northern 
Chile,  where  now  all  is  irrecfaimably  desert,  supported 
large  coniferous  forests. 

Seventy-nine  species  of  fossil  shells,  in  a  tolerably 
leoognisable  condition,  from  the  coast  of  Chile  and  Peru, 
are  described  in  this  volume,  and  in  the  Palieontological 
part  of  M.  d'Orbigny's '  Voyage ' :  if  we  put  on  one  side 
the  twenty  species  exclusively  found  at  Coucepcion  and 
Chiloe,  fifty-nine  species  from  Navidad  and  the  other 
specified  localities  remain.  Of  these  fifly-nine  species 
only  an  Artemis,  a  Mytilus,  and  Balanus,  all  from 
Coquimbo,  are  (in  the  opinion  of  Mr.  Sowerby,  but  not 
in  that  of  If.  d'Orbigny)  identical  with  living  shells ; 
and  it  would  certainly  require  a  better  series  of  speci- 
mens to  render  tins  conclusion  certain.  Only  the 
TurrUeUa  ChMtmsU  fiom  Huafo  and  Mocha,  the  T. 
raiagoniea  and  Venus  meridionaJts  from  Navidad, 
come  very  near  to  recent  South  American  shells,  namely, 
the  two  Turritellas  to  T.  cingulaiay  and  the  Venus  to 
F.  exaUnda:  some  few  other  species  come  rather  less 
near ;  and  some  few  resemble  forms  in  the  older  Euro- 
pean tertiary  deposits:  none  of  the  species   resemble 
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secondary  forms.  Hence  I  conceive  there  can  be  no 
doubt  that  these  formations  are  tertiary, — a  point  ne- 
cessary to  consider,  after  the  case  of  Concepcion.  The 
fifty-nine  species  belong  to  thirty-two  genera ;  of  these, 
Gastridiam  is  extinct,  and  three  or  four  of  the  genera 
(viz.  PanopaBa,  Bostellaria,  Corbis?,  and  I  believe 
Solecurtus)  are  not  now  fopnd  on  the  west  coast  of  South 
America.  Fifteen  of  the  genera  have  on  this  coast 
living  representatives  in  about  the  same  latitudes  with 
the  fossil  species;  but  twelve  genera  now  range  very 
differently  to  what  they  formerly  did.     The  idea  of  the 


Genem,  with  living  and 

Latitndes,  in  which  foond 

Sonthemmost  latitude,  in 

tertiary  speciea   on   thi 

fossil  on  the  coasta  of 

which  found  liriiig  on  the 

west  oottst  of  S.  America 

Chile  and  Peru 

M  est  coast  of  S.  America 

Bulla    . 

5o*^to4S°30' 

12°  near  Lima 

Cassis      .        .    . 

34° 

1°37' 

Pyrala .        • 

34°  (and  36**  W  at 
Concepcion) 

6°  Payta 

Fosus      .        .    . 

30°  to  43°  30' 

23°  Mezillones;  re- 
appears nt  the  St. 
of  Magellan 

Hearotoma  . 

34°  to  43°  SC/ 

2°  18'  St.  Elena 

Terebra   .        .    . 

84° 

5°  Payta 

Sigaretus     . 

34°  to  44°  30^ 

12°  Lima 

Anomia    .        .    . 

30° 

7°  48' 

Perna  . 

30° 

1°  23'  Xixappa 

Cardiam  .        •    . 

10'  to  34°  (and  36° 
30'  at  Concepciun) 

6°  Payta 

Artcmii        •        • 

.30° 

5°  Riyta 

Voluta     •        •    • 

34°  to  44°  30^ 

Mr.  Cuming  does 
not  know  of  any 
species  living  on 
the  west  coast, 
between  the  equa- 
tor and  lat.  43° 
south;  from  tliis 
latitude  a  species 
itt  found  as  far 
south  as  TieirA 
del  Fuego. 

*  M.  d'Orbigny  states  that  the  genas  Katica  is  not  found  on  the 
coast  of  Chile;  but  Mr.  Cuming  found  it  at  Valparaiso.  Scalaria 
was  found  at  Valparaiso;  Area,  at  Iquique,  in  lat.  20°,  by  Mr. 
Cumine ;  Area,  aldo,  was  found  by  Cfeipt.  King,  at  Juan  Femandei, 
in  lat.  33°  30'. 
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table  on  the  previous  page,  in  which  the  diiference 
between  the  extension  in  latitude  of  the  fossil  and  existing 
species  is  shown,  is  taken  from  M.  d'Orbigny's  work  ;  but 
the  range  of  the  living  shells  is  given  on  the  authority 
of  Mr.  Cuming,  whose  long-continued  researches  on  the 
conchology  of  South  America  are  well  known. 

When  we  consider  that  very  few,  if  any,  of  the  fifty-^ 
nine  fossil  shells  are  identical  with,  or  make  any  close 
approach  to,  living  species ;  when  we  consider  that  some 
of  the  genera  do  not  now  exist  on  the  west  coast  of 
South  America,  and  that  no  less  than  twelve  genera  out 
of  the  thirty-two  formerly  ranged  very  difierently  from 
the  existing  species  of  the  same  genera,  we  must  admit 
that  these  deposits  are  of  considerable  antiqnity,  and 
that  they  probably  verge  on  the  commencement  of  tJie 
tertiary  era.  May  we  not  venture  to  believe,  that  they 
are  of  nearly  contemporaneous  origin  with  the  Eocene 
formations  of  the  Northern  Hemisphere  ? 

Comparing  the  fossil  remains  from  the  coast  of  Chile 
(leaving  out,  as  before,  Concepcion  and  Chiloe)  with 
those  from  Patagonia,  we  may  conclude,  fit)m  their 
generic  resemblance,  and  from  the  small  number  of  the 
species  which  from  ei^er  coast  approach  closely  to 
living  forms,  that  the  formations  of  both  belong  to 
nearly  the  same  epoch ;  and  this  is  the  opinion  of  M. 
d'Orbigny.  Had  not  a  single  fossil  shell  been  common 
to  the  two  coasts,  it  could  not  have  been  argued  that 
the  formations  belonged  to  different  ages ;  for  Messrs. 
Cuming  and  Hinds  have  found,  on  the  comparison  of 
nearly  2,000  living  species  from  the  opposite  sides  of 
South  America,  only  one  in  common,  namely,  the  Pur^ 
pura  lapiUus  from  both  sides  of  the  Isthmus  of  Panama : 
even  the  diells  collected  by  myself  amongst  the  Chonos 
Islands  and  on  the  coast  of  Patagonia,  are  dissimilar, 
and  we  must  descend  to  the  apex  of  the  continent,  to 
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Tierra  del  Fuego,  to  find  these  two  great  oonchological 
provinces  united  into  one.  Hence  it  is  remarkable  that 
fonr  or  five  of  the  fossil  shells  from  Navidad,  namely, 
Valuta  alta^  TyfUTiieUa  Paiagonicaj  Trochus  coUariSy 
Vemi9  meridumalis,  perhaps  Naiica  aolida,  and  per- 
haps the  large  oyster  from  Coquimbo,  are  considered  by 
Mr.  Sowerby  as  identical  with  species  from  Santa  Cruz 
and  Port  Desire.  M.  d'Orbigny,  however,  admits  the 
perfect  identity  only  of  the  Trochus. 

On  the  Temperature  of  the  Tertiary  Period, — ^As 
the  number  of  the  fossil  species  and  genera  fix>m  the 
western  and  eastern  coasts  is  considerable,  it  will  be 
interesting  to  consider  the  probable  nature  of  the 
climate  under  which  they  lived.  We  will  first  take  the 
case  of  Navidad,  in  lat.  34^,  where  thirty-one  species 
were  collected,  and  which,  as  we  shall  presently  see, 
must  have  inhabited  shallow  water,  and  therefore  will 
necessarily  well  exhibit  the  effects  of  temperature. 
Referring  to  the  Table  given  in  the  previous  page,  we 
find  that  the  existing  species  of  the  genera  Cassis, 
Pyrula,  Pleurotoma,  Terebra,  and  Sigaretus,  which  are 
generally  (though  by  no  means  invariably)  characteristic 
of  warmer  latitudes,  do  not  at  the  present  day  range 
nearly  so  far  south  on  this  line  of  coast  as  the  fossil 
species  formerly  did.  Including  Goquimbo,  we  have 
Pema  in  the  same  predicament.  The  first  impression 
from  this  fact  is,  that  the  climate  must  formerly  have 
been  warmer  than  it  now  is;  but  we  must  be  very 
cautious  in  admitting  this,  for  Cardium,  Bulla,  and 
Fusus  (and,  if  we  include  Goquimbo,  Anomia  and 
Artemis)  likewise  formerly  ranged  &rther  south  than 
they  now  do ;  and  as  these  genera  are  far  fit>m  being 
characteristic  of  hot  climates,  their  former  greater 
southern  range  may  well  have  been  owing  to  causes 
quite  distinct   from  climate :   Voluta,   again,  though 
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generally  so  tropical  a  genns,  is  at  present  confined  on 
the  we^t  coast  to  colder  or  more  southern  latitudes  thian 
it  was  dnring  the  tertiary  period.  The  Trochns  coUcms, 
moreover,  and,  as  we  have  just  seen  according  to  Mr. 
Sowerby,  two  or  three  other  species,  formerly  ranged 
irom  Navidad  as  far  sonth  as  Santa  Cruz  in  lat.  50°.  If, 
instead  of  comparing  the  fossils  of  Navidad,  as  we  have 
hitherto  done,  with  the  shells  now  living  on  the  west 
ooast  of  South  America,  we  compare  them  with  those 
found  in  other  parts  of  the  world,  under  nearly  similar 
latitudes;  for  instance,  in  the  southern  parts  of  the 
Mediterranean,  or  of  Australia,  there  is  no  evidence 
that  the  sea  off  Navidad  was  formerly  hotter  than  what 
might  have  been  expected  from  its  latitude,  even  if  it 
was  somewhat  warmer  than  it  now  is  when  cooled  by 
the  great  southern  polar  current.  Several  of  the  most 
tropical  genera  have  no  representative  fossils  at  Navi- 
dad ;  and  there  are  only  single  species  of  Cassis,  Pyrula, 
and  Sigaretus,  two  of  Pleurotoma  and  two  of  Terebra, 
but  none  of  these  species  are  of  conspicuous  size.  In 
Patagonia,  there  is  even  still  less  evidence  in  the 
character  of  the  fossils,  of  the  climate  having  been 
formerly  warmer.'  As  from  the  various  reasons  already 
assigned,  there  can  be  little  doubt  that  the  formations 
of  Patagonia  and  at  least  of  Navidad  and  Coquimbo  in 
Chile,  are  the  equivalents  of  an  ancient  stage  in  the 
tertiary  formations  of  the  northern  hemisphere,  the 
conclusion  that  the  climate  of  the  southern  seas  at  this 
period  was  not  hotter  than  what  might  have  been  ex- 
pected from  the  latitude  of  each  place,  appears  to  me 
highly  important ;  for  we  mubi)  believe,  in  accordance 

'  It  may  be  worth  while  to  mention  that  the  sheUs  living  at  the 
present  day  on  this  eastern  side  of  t).  America,  in  lat.  4^*,  have 
perhaps  a  more  tropical  character  than  those  in  corresponding 
latitudes  on  the  shores  of  Europe :  for  at  Bahia  Blanca  and  S.  Blasi 
there  are  two  fine  species  of  Voluta  and  four  of  Oliva. 
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with  the  views  of  Mr.  Lyell,  that  the  causes  which  gave 
to  the  older  tertiary  productions  of  the  quite  temperate 
zones  of  Europe  a  tropical  character,  werre  of  a  local 
cliarader  and  did  not  affect  the  entire  globe.  On  the 
other  hand,  I  have  endeavoured  to  show,  in  the  ^  Geo- 
logical Transactions,'  that,  at  a  much  later  period,  Europe 
and  North  and  South  America  were  nearly  contempora- 
neously subjected  to  ice-action,  and  consequently  to  a 
colder,  or  at  least,  more  eqaable  climate  than  that  now 
characteristic  of  the  same  latitudes. 

On  the  Absence  of  extensive  modem  Conchiferoui 
Deposits  in  S&ath  America;  and  on  the  Oontempo' 
raneousness  of  the  older  Tertiary  Deposits  at  disiani 
points  being  dvs  to  contemporaneous  movements  of 
snhsidence. — Elnowing  from  the  researches  of  Professor 
E.  Forbes,  that  molluscous  animals  chieflv  abound 
within  a  depth  of  100  fathoms  and  under,  and  bearing 
in  mind  how  many  thousand  miles  of  both  coasts  of 
South  America  have  been  upraised  within  the  recent 
period  by  a  slow,  long-coutinued,  intermittent  move- 
ment,— seeing  the  diversity  in  nature  of  the  shores  and 
the  number  of  shells  now  living  on  them, — seeing  also 
that  the  sea  off  Patagonia  and  off  many  parts  of  Chile, 
was  during  the  tertiary  period  highly  favourable  to  the 
accumulation  of  sediment, — the  absence  of  extensive 
dt*posits  including  recent  shells  over  these  vast  spaces 
of  coast  is  highly  remarkable.  The  oonchiferous  cal- 
careous beds  at  Goquimbo,  and  at  a  few  isolated  points 
northward,  offer  the  most  marked  exception  to  this 
statement;  for  these  beds  are  from  twenty  to  thirty 
feet  in  thickness,  and  they  stretch  for  some  miles  along 
shore,  attaining,  however,  only  a  very  triHing  breadth. 
At  Yaldivia  there  is  some  sandstone  with  imperfect  casts 
of  shells,  which  possibly  may  belong  to  the  recent  period : 
parts  of  the  boulder  formation  and  the  shingle-beds  on 
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the  lower  plains  of  Patagonia  probably  belong  to  tiiia 
same  period,  but  neither  are  fossiliferons :  it  also  so 
happens  that  the  great  Panipean  formation  does  not  in*- 
clude,  with  the  exception  of  the  Azara,  any  moUusca. 
There  cannot  be  the  smallest  doubt  that  the  upraised 
sheUs  along  the  shores  of  the  Atlantic  and  Pacific, 
whether  lying  on  the  bare  surface,  or  embedded  in  mould 
or  in  sand-hillocks,  will  in  the  course  of  ages  be  destroyed 
by  alluvial  action :  this  probably  will  be  the  case  even 
with  the  calcareous  beds  of  Goquimbo,  so  liable  to  dis- 
solution by  rain-water.  If  we  take  into  consideration 
the  probability  of  oscillations  of  level  and  the  conse* 
quent  action  of  the  tidal  waves  at  different  heights, 
their  destruction  will  appear  almost  certain.  Looking 
to  an  epoch  as  far  distant  in  futurity  as  we  now  are 
from  the  past  Miocene  period,  there  seems  to  me  scarcely 
a  chance,  under  existing  conditions,  of  the  numerous 
shells  now  living  in  those  zones  of  depths  most  fertile 
in  life,  and  found  exclusively  on  the  western  and  south- 
eastern coasts  of  South  America,  being  preserved  to  this 
imaginary  distant  epoch.  A  whole  conchological  series 
will  in  time  be  swept  away,  with  no  memorials  of  their 
existence  preserved  in  the  earth's  crust. 

Can  any  light  be  thrown  on  this  remarkable  absence 
of  recent  conchiferous  deposits  on  these  coasts,  on  which, 
at  an  ancient  tertiary  epoch,  strata  abounding  with 
organic  remains  were  extensively  accumulated  ?  I  think 
there  can,  namely,  by  considering  the  conditions  neces- 
sary for  the  preservation  of  a  formation  to  a  distant 
age.  Looking  to  the  enormous  amount  of  denudation 
which  on  all  sides  of  us  has  been  effected, — as  evi- 
denced by  the  lofty  cliffs  cutting  off  on  so  many  coasts 
horizontal  and  once  far-extended  strata  of  no  great 
antiquity  (as  in  the  case  of  Patagonia), — as  evidenced 
by  the  level  surface  of  the  ground  on  both  sides  of  great 
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faults  and  dislocations, — by  inland  lines  of  escarpments, 
by  outliers,  and  numberless  other  facts,  and  by  that 
argument  of  high  generality  advanced  by  Mr.  Lyell, 
namely,  that  every  sediTnentary  formation,  whatever  its 
thickness  may  be,  and  over  however  many  hundred 
square  miles  it  may  extend,  is  the  result  and  the  measure 
of  an  equal  amount  of  wear  and  tear  of  pre-existing 
formations ;  considering  these  facts,  we  must  conclude 
that,  as  an  ordinary  rule,  a  formation  to  resist  such  vast 
destroying  powers,  and  to  last  to  a  distant  epoch,  must 
be  of  wide  extent,  and  either  in  itself,  or  togetket  with 
superincumbent  strata,  be  of  great  thickness.  In  this 
discussion,  we  are  considering  only  formations  containr 
ing  the  remains  of  marine  animals,  which,  as  before 
mentioned,  live,  with  some  exceptions,  within  (most  of 
them  much  within)  depths  of  a  hundred  fathoms.  How, 
then,  can  a  thick  and  widely  extended  formation  be 
accumulated,  which  shall  include  such  organic  remains  ? 
First,  let  us  take  the  case  of  the  bed  of  the  sea  long  re- 
maining at  a  stationary  level :  under  these  circumstances 
it  is  evident  that  conchifertms  strata  can  accumulate 
only  to  the  same  thickness  with  the  depth  at  which 
the  shells  can  live ;  on  gently  inclined  coasts  alone  can 
they  accumulate  to  any  considerable  width ;  and  from 
the  want  of  superincumbent  pressure,  it  is  probable 
that  the  sedimentary  matter  will  seldom  be  much  con- 
solidated :  such  formations  have  no  very  good  chance, 
when  in  the  course  of  time  they  are  upraised,  of  long 
resisting  the  powers  of  denudation.  The  chance  will 
be  less  if  the  submarine  surface,  instead  of  having  re- 
mained stationary,  shall  have  gone  on  slowly  rising 
during  the  deposition  of  the  strata,  for  in  this  case  their 
total  darkness  must  be  less,  and  each  part,  before  being 
consolidated  or  thickly  covered  up  by  superincumbent 
matter,  will  have  had  successively  to  pass  through  the 
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ordeal  of  the  beach  ;  and  on  most  coasts,  the  waves  on 
the  beach  tend  to  wear  down  and  disperse  every  object 
exposed  to  their  action.  Now,  both  on  the  sonth-eastern 
and  western  shores  of  South  America,  we  have  had  clear 
proofs  that  the  land  has  been  slowly  rising,  and  in  the 
long  lines  of  lofty  cliffii,  we  have  seen  that  the  tendency 
of  the  sea  is  almost  everywhere  to  eat  into  the  land. 
Considering  these  facts,  it  ceases,  I  think,  to  be  snr- 
prisin'g,  that  extensive  recent  conchiferous  deposits  are 
entirely  absent  on  the  southern  and  western  shores  of 
America. 

Let  as  take  the  one  remaining  case,  of  the  bed  of 
the  sea  slowly  subsiding  daring  a  length  of  time,  whilst 
sediment  has  gone  on  being  deposited.  It  is  evident 
that  strata  might  thus  accumulate  to  any  thickness,  each 
stratum  being  deposited  in  shallow  water,  and  conse- 
quently abounding  with  those  shells  which  cannot  live 
at  great  depths :  the  pressure,  also,  I  may  observe,  of 
each  fresh  bed  would  aid  in  consolidating  all  the  lower 
ones.  Even  on  a  rather  steep  coast,  though  such  must 
ever  be  unfavourable  to  widely  extended  deposits,  the 
formations  would  always  tend  to  increase  in  breadth 
from  the  water  encroaching  on  the  land.  Hence  we 
may  admit  that  periods  of  slow  subsidence  will  com- 
monly be  most  favourable  to  the  accumulation  of 
ccmchiferous  deposits,  of  suflScient  thickness,  extension, 
And  hardness,  to  resist  the  average  powers  of  denudation. 

We  have  seen  that  at  an  ancient  tertiary  epoch, 
fossiliferous  deposits  were  extensively  deposited  on  the 
coasts  of  South  America ;  and  it  is  a  very  interesting 
fact,  that  there  is  evidence  that  these  ancient  tertiary 
beds  were  deposited  during  a  period  of  subsidence. 
Thtis,  at  Navidad,  the  strata  are  about  800  feet  in  thick- 
ness, and  the  fossil  shells  are  abundant  both  at  the  level 
of  the  sea  and  some  way  up  the  cliffs ;  having  sent  a 
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list  of  these  fossils  to  Professor  E.  Forbes,  he  thinks 
they  must  have  lived  in  water  between  one  and  ten 
fathoms  in  depth:  hence  the  bottom  of  the  sea  on 
which  these  shells  once  lived  mnst  have  subsided  at 
least  700  feet  to  allow  of  the  superincumbent  matter 
being  deposited.  I  must  here  remark,  that,  as  all  these 
and  the  following  fossil  shells  are  extinct  species,  Pro- 
fessor Forbes  necessarily  judges  of  the  depths  at  whidi 
they  lived  only  from  their  generic  character,  and  from 
the  analogical  distribution  of  shells  in  the  Northern 
Hemisphere;  but  there  is  no  just  cause  from  this  to 
doubt  the  general  results.  At  Huafo  the  strata  are 
about  the  same  thickness,  namely,  800  feet,  and  Pro- 
fessor Forbes  thinks  the  fossils  found  there  cannot  have 
lived  at  a  greater  depth  than  fifty  fathoms,  or  300  feet. 
These  two  points,  namely,  Navidad  and  Huafo,  are  570 
miles  apart,  but  nearly  half-way  between  them  lies 
Mocha,  an  island  1,200  feet  in  height,  apparently  formed 
of  tertiary  strata  up  to  its  level  summit,  and  with  many 
shells,  including  the  same  Turritella  with  that  found 
at  Huafo,  embedded  close  to  the  level  of  the  sea.  In 
Patagonia,  shells  are  numerous  at  St.  Cruz,  at  the  foot 
of  the  350  feet  plain,  which  has  certainly  been  formed 
by  the  denudation  of  the  840  feet  plain,  and  therefore 
was  originally  covered  by  strata  that  number  of  feet  in 
thickness,  and  these  shells,  according  to  Professor 
Forbes,  probably  lived  at  a  depth  of  between  seven  and 
fifteen  fathoms :  at  Port  St.  Julian,  sixty  miles  to  the 
north,  shells  are  numerous  at  the  foot  of  the  ninety  feet 
plain  (formed  by  the  denudation  of  the  950  feet  plain), 
and  likewise  occasionally  at  the  height  of  several  hundred 
feet  in  the  upper  strata ;  Uiese  shells  must  have  lived  in 
water  somewhere  between  five  and  fifty  fathoms  in  depth. 
Although  in  other  parts  of  Patagonia  I  have  no  direct 
evidence  of  shoal-water  shells  having  been  buried  nnder 
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a  great  thickness  of  superincumbent  submarine  strata, 
yet  it  should  be  borne  in  mind  that  the  lower  fossili- 
ferous  stratia  with  several  of  the  same  species  of  MoUusca, 
the  upper  tufaceoas  beds,  and  the  high  summit-plain, 
stretch  for  a  considerable  distance  southward,  and  for 
hundreds  of  miles  northward;  seeing  this  uniformity 
of  structure,  I  conceive  it  may  be  fairly  concluded  that 
the  subsidence  by  which  the  shells  at  Santa  Cruz  and 
St.  Julian  were  carried  down  and  covered  up,  was  not 
confined  to  these  two  points,  but  was  co-extensive  with 
a  considerable  portion  of  the  Patagonian  tertiary  forma- 
tion. In  a  succeeding  chapter  it  will  be  seen,  that  we 
are  led  to  a  similar  conclusion  with  respect  to  the 
secondary  fossiliferous  strata  of  the  Cordillera,  namely, 
that  they  also  were  deposited  during  a  long-continued 
and  great  period  of  subsidence. 

From  the  foregoing  reasoning,  and  from  the  facts 
just  given,  I  think  we  must  admit  the  probability  of 
the  following  proposition :  namely,  that  when  the  bed 
of  the  sea  is  either  stationary  or  rising,  circumstances 
are  far  less  favourable,  than  when  the  level  is  sinking, 
to  the  accumulation  of  conchiferous  deposits  of  sufficient 
thickness  and  extension  to  resist,  when  upheaved,  the 
average  vast  amount  of  denudation.  This  result  appears 
to  me,  in  several  respects,  very  interesting :  everyone  is 
at  first  inclined  to  believe  that  at  innumerable  points, 
wherever  there  is  a  supply  of  sediment,  fossiliferous 
strata  are  now  forming,  which  at  some  future  distant 
epoch  will  be  upheaved  and  preserved ;  but  on  the  views 
above  given,  we  must  conclude  that  this  is  far  from 
being  the  case;  on  the  contrary,  we  reqnire  (1st),  a 
long-continued  supply  of  sediment ;  (2nd),  an  extensive 
shallow  area;  and  (3rd),  that  this  area  shall  slowly 
subside  to  a  great  depth,  so  as  to  admit  the  accumula- 
tion of  a  widely-extended  thick  mass  of  superincumbent 

28 
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strata.  In  how  few  parts  of  the  world,  probably,  do 
these  conditions  at  the  present  day  concur !  We  can 
thus,  also,  understand  the  general  want  of  that  close 
sequence  in  fossiliferous  formations  which  we  might 
theoretically  have  anticipated ;  for,  without  we  suppose 
a  subsiding  movement  to  go  on  at  the  same  spot  during 
an  enormous  period,  from  one  geological  era  to  another, 
and  during  the  whole  of  this  period  sediment  to  accu- 
mulate at  the  proper  rate,  so  that  the  depth  should  not 
become  too  great  for  the  continued  existence  of  mollus- 
cous animals,  it  is  scarcely  possible  that  there  should  be 
a  perfect  sequence  at  the  same  spot  in  the  fossil  shells 
of  the  two  geological  formations.'  So  far  from  a  very 
long-continued  subsidence  being  probable,  many  facta 
lead  to  the  belief  that  the  earth's  surface  oscillates  up 
and  down ;  and  we  have  seen  that  during  the  elevatory 
movements  there  is  but  a  small  chance  of  durable  fos- 
siliferous deposits  accumulating. 

Lastly,  these  same  considerations  appear  to  throw 
some  light  on  the  fact  that  certain  periods  appear  to 
have  been  favourable  to  the  deposition,  or  at  least  to 
the  preservation,  of  contemporaneous  formations  at  very 
distant  points.  We  have  seen  that  in  South  America 
an  enormous  area  has  been  rising  within  the  recent 
period;  and  in  other  quarters  of  the  globe  immense 
spaces  appear  to  have  risen  contemporaneously.  From 
my  examination  of  the  coral-reefs  of  the  great  oceans, 

*  Processor  H.  D.  Rogers,  in  his  excellent  address  to  the  Associa- 
tion of  American  Geoiogistd(Sil>iman'8  '  Jonmal/  voL  zlvii.  p.  277), 
makes  the  following  remark :  *  I  question  if  we  are  at  all  aware  how 
eitmpletely  the  whole  history  of  all  departed  time  lies  indelibly  re- 
corded with  the  amplest  minuteness  of  detail  in  the  successive 
sediments  of  the  globe,  how  effectually,  in  other  words,  every 
period  of  time  luut  written  its  awn  At«£<rry,  carefully  preserving  every 
created  form  and  every  trace  of  action.'  I  think  the  correctness  of 
such  remarks  u(  more  than  doubtful,  even  if  we  except  (as  I  suppose 
he  would)  all  tho^  numerous  organic  forms  which  contain  no  hard 
parts. 
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I  have  been  led  to  conclude  that  the  bed  of  the  sea  has 
gone  on  slowly  sinking  within  the  present  era,  over  truly 
vast  areas:  this,  indeed,  is  in  itself  probable,  from  the 
simple  fact  of  the  rising  areas  having  been  so  large.  In 
South  America  we  have  distinct  evidence  thdt  at  nearly 
the  same  tertiary  period,  the  bed  of  the  sea  off  parts  of 
the  coast  of  Chile  and  off  Patagonia  was  sinking,  though 
these  regions  are  very  remote  from  each  other.  If, 
then,  it  holds  good,  as  a  general  rule,  that  in  the  same 
qnarter  of  the  globe  the  earth's  crust  tends  to  sink  and 
rise  contemporaneously  over  vast  spaces,  we  can  at 
once  see,  that  we  have  at  distant  points,  at  the  same 
period,  those  very  conditions  which  appear  to  be  re- 
quisite for  the  accumulation  of  fossiliferous  masses  of 
sufficient  extension,  thickness,  and  hardness,  to  resist 
denudation,  and  consequently  to  last  unto  an  epoch 
distant  in  futurity.^ 

>  Profesflor  Forbes  has  some  admirable  remarks  on  this  subject, 
in  his  *  Report  on  the  Shells  of  the  ^<ean  Sea.'  In  a  letter  to  Mr. 
Maclaren  (*  Edinbar^h  New  Phil.  Joarnal/ January  1S43),  I  partially 
entered  into  this  discossion,  and  endeavoured  to  show  that  it  was 
highly  improbable,  that  upraised  stolls  or  barrier-reefs,  though  of 
great  thickness,  should,  owing  to  their  small  extension  or  breadth, 
be  preserved  to  a  distant  future  period. 
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CHAPTER  Xin. 

PLUTONIC  AND  METAMORPHIC  ROCKS: — CLEAVAGE  AND 

FOLIATION. 

Brazil,  Bahia,  gfteis*  with  d'ijjninted  metamorphowd  di1tc9—8trihi 
of  foliation — Bio  de  Ja/nein*^  g^eixt-granite,  embedded  frngnu^nt 
in^  decom/MtgitUfn  nf—La  Plata,  metamjrjfhie  wnd  old  rulranio  rocfu 
of— 8,  Veutava — Chtynlone  porphyry  f of  motion  of  Patagonia; 
Hngniar  metamorphie  r<*ckt ;  tpeudo-dikei— Falkland  lalandty 
paUeozoio  fusHU  of—Titrra  del  Ftiego,  clay-tlate  formation, 
cretaeeoMfosnln  of  ;  cleavage  andfflliuiitm,  ;  form  of  land — Cfionos 
Archipelago^  mira  ichistSt  foliation  d^gtvrbed  by  gratntia  axl» ; 
dilw» — Chil-oe — Cotieepeion,.dif.'ts,  SHoeesf ire  formation  tf— Central 
and  Northern  Chile — Qmcloding  remarks  on  olearage  and  folia- 
fiof^ — Their  close  analogy  and  similar  origin — Stratification  of 
wetamorj/hie  schist* — Foliation  of  intrvsive  roeks — Belation  of 
cleavage  and  foliation  to  tJw  lines  of  tension  during  metamorphosis. 

The  metamorphie  and  plntonic  formations  of  the  severar 
districts  visited  by  the  Beagle  will  be  here  chiefly 
treated  of,  but  only  such. cases  as  appear  to  me  new,  or 
of  some  special  interest,  will  be  described  in  detail ;  at 
the  end  of  the  chapter  I  will  sum  up  all  the  facts 
on    cleavage   and  foliation, — to  which   I  particularly 

attended. 

Bahia^  Brazil:  lat  13°  south.  —  The  prevailing 
rock  is  gneiss,  ofken  passing,  by  the  disappearance  of 
the  quartz  and  mica,  and  by  the  feldspar  losing  its 
red  colour,  into  a  brilliantly  grey  primitive  green- 
stone. Not  nnfrequently  quartz  and  hornblende  are 
arranged    in    layers    in    almost    amorphous   feldspar. 
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There  is  some  fine-gramed  syenitic  granite,  orbicularly 
marked  by  fermginoaa  lines,  smd  weathering  into 
Yortical,  cylindrical  holes,  almost  tonching  each  other. 
In  the  gneiss,  concretions  of  grannlar  feldspar  and 
others  of  garnets  with  mica  occur.  The  gneiss  is 
traversed  by  nameroas  dikes  composed  of  black,  finely 
crystallised,  homblendic  rock,  containing  a  little  glassy 
feldspar  and  sometimes  mica,  and  varying  in  thickness 
from  mere  threads  to  ten  feet:  these  direads,  which 
are  often  curvilinear,  could  sometimes  be  traced  running 
into  Ijlie  larger  dikes.  One  of  these  dikes  was  remark- 
able from  having  been  in  two  or  three  plsces  laterally 
disjointed,  with  unbroken  gneiss  interposed  between 
the  broken  ends,  and  in  one  part  with  a  portion  of  the 
gneiss  driven,  apparently  whilst  in  a  softened  state, 
into  its  side  or  wall.  In  several  neighbouring  places, 
the  gneiss  included  angular,  well-defined,  sometimes 
bent,  masses  of  hornblende  rock,  quite  like,  except  in 
being  more  perfectly  crystallised,  that  forming  the 
dikes,  and,  at  least  in  (me  instance,  containing  (as 
determined  by  Professor  Miller)  angite  as  well  as 
hornblende.  In  one  or  two  cases  these  angular  masses, 
though  now  quite  separate  from  each  other  by  the  solid 
gneiss,  had,  firom  their  exact  ooirespondence  in  size 
and  shape,  evidently  cmoe  been  united ;  hence  I  cannot 
doubt  that  most  or  all  of  the  fragments  have  been 
derived  from  the  breaking  up  of  the  dikes,  of  which  we 
see  the  first  stage  in  tiie  above-mentioned  laterally 
disjointed  one.  The  gneiss  close  to  the  fragments 
generally  contained  many  large  crystals' of  hornblende, 
which  are  entirely  absent  or  rare  in  other  parts:  its 
folia  or  lamins  were  gently  bent  round  the  fragments, 
in  the  same  manner  as  they  sometimes  are  round  concre- 
tions. Hence  the  gneiss  has  certainly  been  softened, 
its  composition  modified,  and  its  folia  arranged,  sub- 
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eequently  to  the  breaking  up  of  the  dikes/  these  latter 
also  having  been  at  the  same  time  bent  and  softened. 

I  must  here  take  the  opportunity  of  premising, 
that  by  the  term  cleavagej  I  imply  those  planes  of 
division  which  render  a  rock,  appearing  to  the  eye 
quite  or  nearly  homogeneous,  fissile.  By  the  term  /oZio- 
ticm,  1  refer  to  the  layers  or  plates  of  different  minera- 
logical  nature  of  which  most  metamorphic  schists  are 
composed;  there  are,  also,  often  included  in  such 
masses,  alternating,  homogeneous,  fissile  layers  or  folia, 
and  in  this  case  the  rock  is  both  foliated  and.Jias  a 
cleavage.  By  siraiificaiion^  as  applied  to  these  forma- 
tions, I  mean  those  alternate,  parallel,  large  masses  of 
different  composition,  which  are  themselves  frequently 
either  foliated  or  fissile, — such  as  the  alternating  so- 
called  strata  of  mica-slate,  gneiss,  glossy  clay-slate,  and 
marble. 

The  folia  of  the  gneiss  within  a  few  miles  round 
Bahia  generally  strike  irregularly,  and  are  often  cur- 
vilinear, dipping  in  all  directions  at  various  angles : 
but  where  best  defined,  they  extended  most  frequently 
in  a  NE.  by  N.  (or  East  h(f  N.)  and  SW.  by  S.  Une, 
corresponding  nearly  with  the  coast-line  northwards 
of  the  bay.  I  may  add  that  Mr.  Gt^ner'  found  in 
several  parts  of  the  province  of  Ceara,  which  lies 
between  4U0  and  500  miles  north  of  Bahia,  gneiss  with 
the  folia  extending  E.  45^  N. ;  and  in  Guyana,  accord* 
ing  to  Sir  R.  Schomburgk,  the  same  rock  strikes  E. 
hV  N.  Again,  Humboldt  describes  the  gneiss-granite 
over  an  immense  area  in  Venezuela  and  even  in  Colombia, 
as  striking  £.  50°  N.,  and  dipping  to  the  NW.  at  an 

*  Piofessor.Hitchoock  ('  Geolog.  of  Massachusetts,'  vol.  ii.  p.  673) 
gives  a  closely  similar  case  of  a  greenstone  dike  in  syenite. 

*  *  Geological  Section  of  the  Brit.  Assoc.'  1840.  For  Bir  B.  Schom- 
bnrgk's  obMrvations,  see  'Oeograph.  Joarral,'  1842,  p.  190.  8ee 
also  Hiimboldt*s  discussion  on  Lozodrism  in  the '  Personal  Narrative.* 
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angle  of  fifty  degrees.  Hence  all  the  observations 
hitherto  made  tend  to  show  that  the  gneissic  rocks 
over  the  whole  of  this  part  of  the  continent  have  their 
folia  extending  generally  within  almost  a  point  of  the 
compass  oC  the  same  direction.^ 

Rio  da  Janeiro, — This  whole  district  is  almost 
exclusively  formed  of  gneiss,  abounding  with  garnets, 
and  porphyritic  with  large  crystals,  even  three  and  four 
inches  in  length,  of  orthoclase  feldspar:  in  these 
crystals  mica  and  garnets  are  often  enclosed.  At  the 
western  base  of  the  Corcovado,  there  is  some  ferruginous 
carious  quartz-rock;  and  in  the  Tijeuka  range,  much 
fine-grained  granite.  I  observed  boulders  of  greenstone 
in  several  places ;  and  on  the  islet  of  Villegagnon,  and 
likewise  on  the  coast  some  miles  northward,  two  large 
trappean  dikes.  The  porphyritic  gneiss,  or  gneiss- 
granite  as  it  has  been  called  by  Humboldt,  is  only  so 
far  foliated  that  the  constituent  minerals  are  arranged 
with  a  certain  degree  of  regularity,  and  may  be  said  to 
have  a  ' grain*  but  they  are  not  separated  into  distinct 
folia  or  laminse.     There  are,  however,  several  other 

*  I  landed  at  only  one  place  north  of  Bahia,  namelj,  at  Pernam- 
baoo.  I  foand  there  only  soft,  liorizi»ntally  stratified  matter, 
formed  from  disintegrated  granitic  rocks,  and  some  yellowish  im- 
pure limestone,  pro^bly  of  a  tertiary  epoch.  I  have  described  a 
most  singular  natural  bar  of  hard  sandstone,  which  protects  the 
hiirboiir,  in  the  Appendix  to  my  work, '  The  tttracture  and  Distribution 
of  Coral  Reefs,'  2nd  edit.  p.  265. 

Abbolhob  Islkts,  lot,  \9P  S.  off  the  coast  ^  ^msi/.— Although 
not  strictly  in  place,  I  do  not  know  where  I  can  more  convenienily 
describe  this  little  group  of  small  islands.  The  lowest  bed  is  a 
f^andstone  with  ferruginous  veins ;  it  weathers  into  an  extraordinary 
honey^combed  mass  ;  above  it  there  is  a  dark-ooloured  argillaceous 
shale  ;  above  this  a  coarser  sandstone — making  a  total  thickness  of 
about  sixty  feet ;  and  lastly,  above  these  sedimentary  beds,  there  Is 
a  fine  conformable  mass  of  greenstone,  in  some  parts  having  » 
columnar  structure.  All  the  strata,  as  well  as  the  surface  of  the 
land,  dip  at  an  angle  of  aboat  12^  to  N.  by  W.  Some  of  the  isleta 
are  composed  entirely  of  the  sedimentary,  others  of  the  trappean 
rocks,  generally,  however,  with  the  sandstones  cropping  out  on  th« 
southern  shorea 
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varieties  of  gneiss  regularly  foliated,  and  alternating 
with  each  other  in  so-called  strata.  The  stratification 
and  foliation  of  the  ordinary  gneisses,  and  the  folia- 
tion or  ^ grain'  of  the  gneiss-granite,  are  parallel  to 
each  other,  and  generally  strike  within  a  poijit  of  NE. 
and  SW.  dipping  at  a  high  angle  (between  50**  and  60°) 
generally  to  SE. :  so  that  here  again  we  meet  with  the 
strike  so  prevalent  over  the  more  northern  parts  of  this 
continent.  The  mountains  of  gneiss-granite  are  to  a 
remarkable  degree  abruptly  conical,  which  seems  caused 
by  the  rock  tending  to  exfoliate  in  thick,  conically 
concentric  layers :  these  peaks  resemble  in  shape  those 
of  phonolite  and  other  iuject'ed  rocks  on  volcanic 
islands ;  nor  is  the  grain  or  foliation  (as  we  shall  after- 
wards see)  any  difficulty  on  the  idea  of  the  gneiss- 
granite  having  been  an  intrusive  rather  than  a  meta- 
morphic  formation.  The  lines  of  mountains,  but  not 
always  each  separate  hill,  range  nearly  in  the  same 
direction  with  the  foliation  and  so-called  stratification, 
but  rather  more  easterly. 

On  a  bare  gently  inclined  surface  of  the  porpbyritic 
gneiss  in  Botofogo  Bay,  I  observed  the  appearance  here 
represented. 

A  fragment  seven  yards  long  and  two  in  width, 
with  angular  and  distinctly  defined  edges,  composed  of 
a  peculiar  variety  of  gneiss  with  dark  layers  of  mica 
and  garnets,  is  surrounded  on  all  sides  by  the  ordinary 
gneiss-granite;  both  having  been  dislocated  by  a 
granitic  vein.  The  folia  in  the  fragment  and  in  the 
surrounding  rock  strike  in  the  same  NNE.  and  SSW. 
line;  but  in  the  fragment  they  are  vertical,  whereas 
in  the  gneiss-granite  they  dip  at  a  small  angle,  as 
shown  by  the  arrows,  to  SSE.  This  fragment,  con- 
sidering its  great  size,  its  solitary  position,  and  its 
foliated  structure  parallel  to  that  of  the  surrounding 
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rock,  is,  as  far  as  I  know,  a  unique  case :  aad  I  will 
not  attempt  any  explanaiion  of  its  origin. 


.%^ 


The  numerous  travdlers  n  tl  8  country  have  all 
been  fi^reatly  Burpriaed  at  tlie  depth  to  which  the  gneiss 
and  other  granitic  rocks,  as  well  as  the  talcose  slates  of 
the  interior,  have  .been  decomposed.  'Near  Kio,  every 
mineral  except  the  quartz  has  been  completely  softened, 
in  some  places  to  a  depth  little  less  than  one  hundred  feet.* 
The  minerals  retain  their  positions  in  folia  ranging  in 
the  usual  direction ;  and  fractured  quartz  veins  may  be 
traced  from  the  solid  rock,  running  for  some  distance 
into  the  softened,  mottled,  highly  coloured,  argillaceous 
mass.     It  is  said  that  these  decomposed  rocks  abound 

'  Spix  and  HartiDii  have  collecled.  in  an  Appendix  to  their 
'  TraveU,'  the  larjreEt  body  of  facta  on  tbif  Kabject.  tiee,  also,  BOine 
remnrks  by  11.  Lnnd,  in  his  com municat  iocs  lo  the  Academj  at 
Copenhagen  ;  and  others  bj  M.  Gaa(^ich,^^l^,  in  Freycinet'B '  Voyage.' 

•Dr.  Ben™  describes  n^ani'ic  rock  ('  Mftdraa  Joamal  of  Lit.'&c 
Oct.  IflvHi,  p  216),  in  the  Neelglierries,  decomposed  lo  a  depth  of 
fort;  feet. 
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with  gems  of  various  kinds,  often  in  a  fractured  state, 
owing,  as  some  have  supposed,  to  the  collapse  of  geodes, 
and  that  they  contain  gold  and  diamonds.  At  Bio,  it 
appeared  to  me  that  the  gneiss  had  been  softened  before 
the  excavation  (no  doubt  by  the  sea)  of  the  existing, 
broad,  flat-bottomed  valleys ;  for  the  depth  of  decom- 
position did  not  appear  at  all  conformable  with  the 
present  undulations  of  the  surface.  The  porphyritic 
gneiss,  where  now  exposed  to  the  air,,  seems  to  with- 
stand decomposition  remarkably  well ;  and  I  could  see 
no  signs  of  any  tendency  to  the  production  of  argilla- 
ceous masses  like  those  here  described.  I  was  also 
struck  with  the  fact,  that  wh^re  a  bare  surface  of  this 
rock  sloped  into  one  of  the  quiet  bays,  there  were  no 
marks  of  erosion  at  the  level  of  the  water,  and  the 
parts  both  beneath  and  above  it  preserved  a  uniform 
curve.  At  Bahia,  the  gneiss  rocks  are  similarly  decom- 
posed, with  the  upper  parts  insensibly  losing  their 
foliation,  and  passing,  without  any  distinct  line  of 
separation,  into  a  bright  red  argillaceous  earth,  includ- 
iug  partially  rounded  fragments  of  quartz  and  granite. 
From  this  circumstance,  and  from  the  rocks  appearing 
to  have  suffered  decomposition  before  the  excavation  of 
the  valleys,  I  suspect  that  here,  as  at  Bio,  the  decom- 
position took  place  under  the  sea.  The  subject 
appeared  to  me  a  curious  one,  and  would  probably  well 
repay  careful  examination  by  an  able  mineralogist. 

The  Ncrtliem  Provinces  of  La  Plata, — According 
to  some  observations  communicated  to  me  by  Mr.  Fox, 
the  coast  from  Bio  de  Janeiro  to  the  mouth  of  the 
Plata  seems  everywhere  to  be  granitic,  with  a  few 
trappean  dikes.  At  Port  Alegre,  near  the  boundary  of 
Brazil,  there  are  porphyries  and  diorites.^  At  the 
mouth  of  the  Plata,  I  examined  the  country  for  twenty- 

■  M.  Isabelle,  *  Yoy»ge  4  Buenoe  Ayrcs,'  p.  479. 
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five  miles  west,  and  for  about  seventy  mi'es  north  of 
Maldonado:  near  this  town,  there  is  some  common 
gneiss,  and  much,  in  all  parts  of  the  coantry,  of  a 
coarse-grained  mixture  of  quartz  and  reddish  feldspar, 
ofken,  however,  assuming  a  little  dark-green  imperfect 
hornblende,  and  then  immediately  becoming  foliated. 
The  abrupt  hillocks  thus  composed,  as  well  as  the 
highly  inclined  folia  of  the  common  varieties  of  gneiss, 
strike  NNE.  or  a  little  more  easterly,  and  SSW.  Clay- 
slate  is  occasionally  met  with,  and  near  the  L.  del 
Potrero,  there  is  white  marble,  rendered  fissile  from  the 
presence  of  hornblende,  mica,  and  asbestus ;  the  cleavage 
of  these  rocks  and  their  stratification,  that  is  the  alter- 
nating masses  thus  composed,  strike  NNE.  and  SSW. 
like  the  foliated  gneisses,  and  have  an  almost  vertical 
dip.  The  Sierra  Larga,  a  low  range  five  miles  west 
of  Maldonado,  consists  of  quartzite,  oflen  fen'uginous, 
having  an  arenaceous  feel,  and  divided  into  excessively 
thin,  almost  vertical  laminae  or  folia  by  microscopically 
minute  scales,  apparently  of  mica,  and  sti^iking  in  the 
usual  NNE.  and  SSW.  direction.  The  range  itself  is 
formed  of  one  principal  line  with  some  subordiDate 
ones;  and  it  extends  with  remarkable  uniformity  far 
northward  (it  is  said  even  to  the  confines  of  Brazil),  in 
the  same  line  with  the  vertically  ribboned  quartz  rock 
of  which  it  is  composed.  The  S.  de  las  Animas  is  the 
highest  range  in  the  country;  I  estimated  it  at  1,000 
feet ;  it  runs  north  and  south,  and  is  formed  of  feld- 
spathic  porphyry;  near  its  base  there  is  a  NNW.  and 
SSE.  ridge  of  a  conglomerate  in  a  highly  porphyritic 
basis. 

Northward  of  Maldonado,  and  south  of  Las  Minas, 
there  is  an  E.  and  W.  hilly  band  of  country,  some  miles 
in  width,  formed  of  siliceous  clay-slate,  with  some  quartz, 
rock  and  limestone,  having  a  tortuous  irregular  cleav- 
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age,  generally  ranging  east  and  west.  E.  and  SE.  of 
Las  Minas  there  is  a  confused  district  of  imperfect 
gneiss  and  laminated  quartz,  with  the  hills  ranging  in 
▼arions  directions,  but  with  each  separate  hill  generally 
running  in  the  same  line  with  the  folia  of  the  rocks  of 
which  it  is  composed :  this  confusion  appears  to  have 
been  caused  by  the  intersection  of  the  [E.  and  W.]  and 
[NNE.  and  SSW.]  strikes.  Northward  of  Las  Minas, 
the  more  regular  northerly  ranges  predominate :  from 
this  place  to  near  Polanco,  we  meet  with  the  coarse* 
grained  mixture  of  quartz  and  feldspar,  often  with  the 
imperfect  hornblende,  and  theci  becoming  foliated  in 
a  N.  and  S.  line — with  imperfect  cla^late,  including 
laminsB  of  red  crystallised  feldspar — with  white  or  black 
marble,  sometimes  containing  asbestus  and  crystals  of 
gypsum — with  quartz-rock — ^with  syenite — and  lastly, 
with  much  granite.  The  marble  and  granite  alternate 
repeatedly  in  apparently  vertical  masses :  some  miles 
northward  of  the  Polanco,  a  wide  district  is  said  to  be 
entirely  composed  of  marble.  It  is  remarkable,  how 
rare  mica  is  in  the  whole  range  of  country  north  and 
westward  of  Maldonado.  Throughout  this  district,  the 
-cleavage  of  the  clay-slate  and  marble — the  foliation  of 
the  gneiss  and  the  quartz — ^the  stratification  or  alter- 
nating masses  of  these  several  rocks — and  the  range 
of  the  hills,  all  coincide  in  direction ;  and  although  the 
country  is  only  hilly,  the  planes  of  division  are  almost 
everywhere  very  highly  inclined  or  vertical. 

Some  ancient  submarine  volcanic  rocks  are  worth 
mentioning,  from  their  rarity  on  this  eastern  side  of 
the  continent.  In  the  valley  of  the  Tapas  (fifty  or 
sixty  miles  N.  of  Maldonado)  there  is  a  tract  three 
or  four  miles  in  length,  composed  of  various  trappean 
rocks  with  glassy  feldspar — of  apparently  metamorphosed 
grit-stones— of  purplish  amygdaloids  with  large  kemeUi 
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of  carbcMiate  of  lime  ^ — ^and  mndi  of  a  lianshish  rock 
with  glassy  feUspar  intermediate  in  character  between 
claystone  porphyry  and  trachyte.  This  latter  rock  was 
in  one  spot  r^qarkable  &om  being  full  of  dmsy  cavities, 
lined  with  quartz  crystals,  and  arranged  in  planes, 
dip[Hng  at  an  angle  6[  bQP  to  the  east,  and  striking 
parallel  to  the  foliation  of  an  adjoining  hill  composed 
of  the  common  mixture  of  quartz,  feldspar,  and  im- 
perfect hornblende:  this  fact  perhaps  indicates  that 
these  volcuiic  rocks  have  been  metamorphosed,  and 
their  constituent  parts  re-arranged,  at  the  same  time 
and  according  to  the  same  laws,  with  the  granitic  and 
metamcRphic  formations  of  this  whole  r^on.  In  the 
valley  of  the  Marmaraya,  a  few  miles  south  of  the 
Tapas,  a  band  of  trappean  and  amygdaloidal  rock  is 
interposed  betwe^i  a  hill  of  granite  and  an  extensive 
surrounding  formation  of  red  conglomerate,  which  (like 
that  at  the  foot  of  the  S.  Animas)  has  its  basis  porphy- 
ritic  with  crystals  of  feldspar,  and  which  hence  has 
certainly  suffered  metamorphosiB. 

Monte  Video, — The  rocks  here  consist  of  several 
varieties  of  gneiss,  with  the  feldspar  often  yellowish, 
granular  and  imperfectly  crystallised,  alternating  with, 
and  passing  insensibly  into,  beds,  from  a  few  yards  to 
nearly  a  mile  in  thickness,  of  fine  or  coarse  grained, 
dark-green  hcn-nble^dic  ^late ;  this  again  often  passing 
into  chloritic  schist.  These  passages  seem  chiefly  due 
to  changes  in  the  mica,  and  its  replacement  by  other 
minerals.  At  Rat  Island  I  examined  a  mass  of  chloritic 
fidbJst,  only  a  few  yards  square,  irregularly  surrounded 
on  all  sides  by  the  gneiss,  and  intricately  penetrated 
by  many  curvilinear  veins  of  quartz,  which  gradually 
blend  into  the  gneiss:    the  cleavage  of  the  chloritic 

^  Kear  the  Pan  de  Azncar  there  is  some  gieenidi  porphyry,  in 
place  amygdnloidal  with  agate. 


432  La  Plata :  pabt  u. 

Bchist  and  the  foliation  of  the  gneiss  were  exactly 
parallel.  Eastward  of  the  city  there  is  much  fine- 
grained dark-coloured  gneiss,  almost  assaming  the 
character  Of  hornblende-slate,  which  alternates  in  thin 
laminae  with  laminae  of  quartz,  the  whole  mass  being 
transversely  intersected  by  numerous  large  veins  of 
quartz :  I  particularly  observed  that  these  veins  were 
absolutely  continuous  with  the  alternating  laminae  of 
quartz.  In  this  case  and  at  Rat  Island^  the  passage  of 
the  gneiss  into  imperfect  hornblendic  or  into  chloritic 
slate,  seemed  to  be  connected  with  the  segregation  of 
the  veins  of  quartz.^ 

The  Mount,  a  hill  believed  to  be  450  feet  in  height, 
from  which  the  place  takes  its  name,  is  much  the 
highest  land  in  this  neighbourhood  :  it  consists  of  horn- 
blendic slate,  which  (except  on  the  eastern  and  disturbed 
base)  has  an  east  and  west  nearly  vertical  cleavage ; 
the  longer  axis  of  the  hill  also  ranges  in  this  same  line. 
Near  the  summit  the  hornblende-slate  gradually  be- 
comes more  and  more  coarsely  crystallised,  and  less 
plainly  laminated,  until  it  passes  into  a  heavy,  sonorous 
greenstone,  with  a  slaty  conchoidal  fracture ;  the 
laminae  on  the  north  and  south  sides  near  the  summit 
dip  inwards,  as  if  this  upper  part  had  expanded  or 
bulged  outwards.  This  greenstone  must,  I  conceive,  be 
considered  as  metamorphosed  hornblende-elate.  The 
Cerrito,  the  next  highest,  but  much  less  elevated 
point,  is  almost  similarly  composed.  In  the  more 
western  parts  of  the  province,  besides  gneiss,  there  is 
quartz-rock,  syenite,  and  granite ;  and  at  GoUa,  I  heard 
of  marble. 

>  Mr.  Greenough  (p.  78,  *  Critical  Examination,*  kc.)  obsenres  that 
qnartz  in  mica-slate  sometimes  appears  in  beds  and  sometimes  in 
veins.  Von  Buch  also,  in  his  '  Travels  in  Norway  *  (p.  23B),  remarlcs 
on  alternating  lamins  of  qnartz  and  hornblende-slate  replacing  mica* 
Mchist. 
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Near  M.  Yideo,  the  space  which  I  more  accurately 
examined  wae  aboat  fifte^a  miles  in  an  east  and  west 
line,  and  here  I  foand  the  foliation  of  the  gneiss  and  the 
cleayage  ci  the  slates  generally  well  developed,  and  ex- 
tending parallel  to  the  alternating  strata  ocnnpoBed  of  the 
gneiss,  homblendic  and  chloritic  schists.  These  planes 
of  division  all  range  within  (me  point  of  east  and  west, 
frequently  east  by  south  and  west  by  north ;  their  dip 
is  generally  almost  vertical,  and  scarcely  anywhere 
under  45° :  this  fact,  considering  how  slightly  undula- 
tory  tiie  surfisK^  of  the  counta-y  is,  deserves  att^itioo. 
Westward  of  M.  Video,  towards  tie  Uruguay,  wherever 
the  gneiss  is  exposed,  the  highly  inclined  folia  are 
seen  striking  in  the  same  direction ;  I  must  except  one 
spot  where  tie  strike  was  KW.  by  W.  The  little 
Sierra  de  ^.  Juan,  formed  of  gneiss  and  laminated 
quartz,  must  also  be  excepted,  for  it  ranges  between 
[N.  to  NE.]  and  [S.  to  SW.]  and  seems  to  belong  to 
the  BKme  svstem  with  the  hills  in  the  Maldonado 
district.  Finally,  we  have  seen  that,  for  many  miles 
nortiiwaid  of  Maldonado  and  for  twenty-five  miles 
westward  of  it,  as  far  as  the  S.  de  las  Animas,  ihe  folia- 
tion, cleavage,  so-called  stratification  and  lines  of  hills, 
all  ranges  IsNE.  and  SSW.,  whidi  is  nearly  coincident 
with  the  adjoining  coast  of  the  Atlantic.  Westward  of 
the  B.  de  las  Animas,  as  &r  as  even  the  Uruguay,  the 
foliation,  cleavage,  and  stratification  (but  not  lines  of 
hills,  far  there  are  no  defined  ones)  all  range  about  £. 
by  B.  and  W.  by  N.,  which  is  nearly  coincident  with 
the  direction  of  the  northern  shore  of  the  Plata :  in  the 
confused  oountrynear  Las  Minas,  where  these  two  great 
systemB  appear  to  intersect  each  otiier,  the  cleavage, 
foliation,  and  stratification  run  in  various  directions, 
but  generally  ocMncide  with  the  line  of  each  separate 
bin. 
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Smdhem  La  Plata. — The  first  ridge,  south  of  the 
Plata,  which  projects  through  the  Pampean  formation, 
is  the  Sierra  Tapalguen  and  Vulcan,  situated  200  miles 
southward  of  the  district  just  described.  This  ridge  is 
only  a  few  hundred  feet  in  height,  and  runs  from  C. 
Corrientes  in  a  WNW.  line  for  at  least  150  miles  into 
the  interior :  at  Tapalguen,  it  is  composed  of  unstrati- 
fied  granular  quartz,  remarkable  from  forming  tabular 
masses  and  small  plains,  surrounded  by  precipitous  cliffs : 
other  parts  of  the  range  are  said  to  consist  of  granite : 
and  marble  is  found  at  the  S.  Tinta.  It  appears  from 
M.  Parchappe's  ^  observations,  that  at  Tandil  there  is  a 
range  of  quartzose  gneiss,  very  Uke  the  rocks  of  the  S. 
Larga  near  Maldonado,  running  in  the  same  NNE.  and 
SSW.  direction  ;  so  that  the  framework  of  the  country 
here  is  very  similar  to  that  on  the  northern  shore  of 
the  Plata. 

The  Sierra  Guitru-gueyu  is  situated  sixty  miles 
south  of  the  S.  Tapalguen :  it  consists  of  numerous 
parallel,  sometimes  blended  together  ridges,  about 
twenty-three  miles  in  width,  and  500  feet  in  height 
above  the  plain,  and  extending  in  a  NW.  and  SE. 
direction.  Skirting  round  the  extreme  SE.  termination, 
I  asoended  only  a  few  points,  which  were  composed  of 
a  fine-grained  gneiss,  almost  composed  of  feldspar  with 
a  little  mica,  and  passing  in  the  upper  parts  of  the 
hills  into  a  rather  compact  purplish-clay  state.  The 
cleavage  was  nearly  vertical,  striking  in  a  N  W.  by  W. 
and  SE.  by  E.  line,  nearly,  though  not  quite,  coinci- 
dent with  the  direction  of  the  parallel  ridges. 

The  Sierra  Yentana  lies  close  south  of  that  of  Guitm- 
gueyn ;  it  ia  remarkable  from  attaining  a  height^  very 

1  M.  d'Orbigny's  ■  Voyage,  Fart.  QMog'  p.  46.  I  have  given  a 
short  acoonnt  of  the  peculiar  f  onus  of  the  quartz  hills  of  Tapal^en, 
so  aniu>i2Al  in  a  metamorphic  formation,  in  my  *  Journal  of  fi^ 
searches'  (2nd  edit.),  p.  116. 
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nnusual  on  this  side  of  the  continent,  of  3,340  feet.  It 
consists  up  to  its  summit,  of  quartz,  generally  pure  and 
white,  hut  sometimes  reddish,  and  divided  into  thick 
laminae  or  strata:  in  one  part  there  is  a  little  glossy 
clay-slate  with  a  tortuous  cleavage.  The  thick  layers 
of  quartz  strike  in  a  W.  30°  N.  line,  dipping  southerly 
at  an  angle  of  45°  and  upwards.  The  principal  line  of 
mountains,  with  some  quite  subordinate  parallel  ridges, 
range  about  W.  45°  N. :  but  at  their  SE.  termination, 
only  W.  25°  N.  This  Sierra  is  said  to  extend  between 
twenty  and  thirty  leagues  into  the  interior. 

Patagonia. — ^With  the  exception  perhaps  of  the 
hill  of  S.  Antonio  (600  feet  high)  in  the  Gulf  of  S. 
Matias,  which  has  never  been  visited  by  a  geologist, 
crystalline  rocks  are  not  met  with  on  the  coast  of  Pata- 
gonia for  a  space  of  380  miles  south  of  the  S.  Vontana. 
At  this  point  (lat.  43°  50'),  at  Points  Union  and  Tombo, 
plutonic  rocks  are  said  to  appear,  and  are  found,  at 
rather  wide  intervals,  beneath  the  Pat<agonian  tertiary 
formation  for  a  space  of  about  300  miles  southward,  to 
near  Bird  Island,  in  lat.  48°  56'.  Judging  from  speci- 
mens kindly  collected  for  me  by  Mr.  Stokes,  the  pre- 
vailing rock  at  Ports  St.  Elena,  Camerones,  Malaspina, 
and  as  far  south  as  the  Paps  of  Pineda,  is  a  purplish- 
pink  or  brownish  claystone  porphyry,  sometimes  la- 
minated, sometimes  slightly  vesicular,  with  crystals  of 
opaque  feldspar  and  with  a  few  grains  of  quartz ;  hence 
these  porphyries  resemble  those  immediately  to  be  de- 
scribed at  Port  Desire,  and  likewise  a  series  which  I  have 
seen  from  P.  Alegre  on  the  southern  confines  of  Brazil. 
This  purphyritic  formation  further  resembles  in  a 
singularly  close  manner  the  lowest  stratified  formation 
of  the  Cordillera  of  Chile,  which,  as  we  shall  hereafter 
see,  has  a  vast  range,  and  attains  a  great  thickness. 
At  the  bottom  of  the  Gulf  of  St.  George,  only  tertiary 

29 
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deposits  appear  to  be  present.  At  Gape  Blanco,  there 
is  quartz  rock,  very  like  that  of  the  Falkland  Islands, 
and  some  hard,  blue,  siliceons  clay-slate. 

At  Port  Desire  there  is  an  extensive  formation  of 
the  claystone  porphyry,  stretching  at  least  twenty-five 
miles  into  the  interior :  it  has  been  denuded  and  deeply 
worn  into  gullies  before  being  covered  up  by  the  ter- 
tiary deposits,  through  which  it  here  and  there  projects 
in  hills;  those  north  of  the  bay  being  440  feet  in 
height.  The  strata  have  in  several  places  been  tilted 
at  small  angles,  generally  either  to  NNW.  or  SSE. 
By  gradual  passages  and  alternations,  the  porphyries 
change  incessantly  in  nature.  I  will  describe  only 
some  of  the  principal  mineralogical  changes,  which  are 
highly  instructive,  and  which  I  carefully  examined. 
The  prevailing  rock  has  a  compact  purplish  base,  with 
crystals  of  earthy  or  opaque  feldspar,  and  often  with  grains 
of  quartz.  There  are  other  varieties,  with  an  almost  truly 
trachytic  base,  full  of  little  angular  vesicles  and  crystals 
of  glassy  feldspar ;  and  there  are  beds  of  black  perfect 
pitchstone,  as  well  as  of  a  concretionary  imperfect 
variety.  On  a  casual  inspection,  the  whole  series  would 
be  thought  to  be  of  the  same  plutonic  or  volcanic 
nature  with  the  trachytic  varieties  and  pitchstone ;  but 
this  is  far  from  being  the  case,  as  much  of  the  porphyry 
is  certainly  of  metamorphic  origin.  Besides  the  true 
porphyries,  there  are  many  beds  of  earthy,  quite  white 
or  yellowish,  friable,  easily  fusible  matter,  resembling 
chalk,  which  under  the  microscope  is  seen  to  consist  of 
minute  broken  crystals,  and  which,  as  remarked  in  a 
former  chapter,  singularly  resembles  the  upper  tufaceoua 
beds  of  the  Pabigonian  tertiary  jfbrmation.  This  earthy 
substance  often  becomes  coarser,  and  contains  minute 
rounded  fragments  of  porphyries  and  rounded  grains  of 
quartz,  and  in' one  case  so  many  of  the  latter  as  to 
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resemble  a  oommon  sandstone.  These  beds  are  sometimes 
marked  with  true  lines  of  aqueoas  deposition,  separat- 
ing particles  of  different  degrees  of  coarseness ;  in  other 
cases  there  are  parallel  ferroginoos  lines  not  of  trae 
deposition,  as  shown  by  the  arrangement  of  the  par- 
ticles, though  singularly  resembling  them.  The  more 
indurated  varieties  often  include  many  small  and  some 
larger  angular  cavities,  which  appear  due  to  the  re- 
moval of  earthy  matter:  some  varieties  contain  mica. 
All  these  earthy  and  generally  white  stones  insensibly 
pass  into  more  indurated  sonorous  varieties,  breaking 
with  a  conchoidal  fracture,  yet  of  small  specific  gravity  ; 
many  of  these  latter  varieties  assume  a  pale  purple  tint, 
being  singularly  banded  and  veined  with  different  shades, 
and  often  become  plainly  porphyritic  with  crystals  of 
feldspar.  The  formation  of  these  crystals  could  be 
most  clearly  traced  by  minute  angular  and  often  par- 
tially hollow  patches  of  earthy  matter,  first  assuming  a 
ftbrouB  structure,  then  passing  into  opaque  imperfectly 
shaped  crystals,  and  lastly,  into  perfect  glassy  crystals. 
When  these  crystals  have  appeared,  and  when  the 
basis  has  become  compact,  the  rock  in  many  places 
conld  not  be  distinguished  from  a  true  claystone  por- 
phyry without  a  trace  of  mechanical  structure. 

In  some  parts,  these  earthy  or  tufaceous  beds  pass 
into  jaspery  and  into  beautiftdly  mottled  and  banded 
porcelain  rocks,  which  break  into  splinters,  translucent 
at  their  edges,  hard  enough  to  scratch  glass,  and  fusible 
into  white  transparent  beads :  grains  of  quartz  included 
in  the  poroelainous  varieties  Can  be  seen  melting  into 
the  surrounding  paste.  In  other  parts,  the  earthy  or 
tufaceous  beds  either  insensibly  pass  into,  or  alternate 
with,  breccias  composed  of  large  and  small  firagments 
of  various  purplish  porphyries,  with  the  matrix  gene- 
rally ^  porphyritic :    these   breccias,  though  their  sub- 
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aqueous  origin  Ls  in  many  places  shown  both  by  the 
arrangement  of  their  smaller  particles  and  by  an  oblique 
or  current  lamination,  also  pass  into  porphyries,  in 
which  every  trace  of  mechanical  origin  and  stratifica- 
tion has  been  obliterated. 

Some  highly  porphyritio  though  coarse-grained 
masses,  evidently  of  sedimentary  origin,  and  divided 
into  thin  layers,  differing  from  each  other  chiefly  in 
the  number  of  embedded  grains  of  quartz,  interested 
me  much  from  the  peculiar  manner  in  which  here  and 
there  some  of  the  layers  terminated  in  abrupt  points, 
quite  unlike  those  produced  by  a  layer  of  sediment 
naturally  thinning  out,  and  apparently  the  result  of  a 
subsequent  process  of  metamorphic  aggregation.  In 
another  common  variety  of  a  finer  texture,  the  aggre- 
gating process  had  gone  further,  for  the  whole  mass 
consisted  of  quite  short,  parallel,  often  slightly  curved 
layers  or  patches,  of  whitish  or  reddish  finely  granulo- 
crystalline  feldspathic  matter,  generally  terminating  at 
both  ends  in  blunt  points ;  these  layers  or  patches  fur- 
ther tended  to  pass  into  wedge  or  almond  shaped  little 
masses,  and  these  finally  into  true  crystals  of  feldspar, 
with  their  centres  often  slightly  drusy.  The  series  was 
so  perfect  that  I  could  not  doubt  that  these  large 
crystals,  which  had  their  longer  axes  placed  parallel  to 
each  other,  had  primarily  originated  in  the  metamor^ 
phosis  and  aggregation  of  alternating  layers  of  tuff; 
and  hence  their  parallel  position  must  be  attributed 
(unexpected  though  the  conclusion  may  be),  not  to 
laws  of  chemical  action,  but  to  the  original  planes  of 
deposition.  I  am  tempted  briefly  to  describe  three 
other  singular  allied  varieties  of  rock;  the  first  with- 
out examination  would  have  passed  for  a  stratified 
porphyritic  breccia,  but  all  the  included  angular  frag- 
ments consisted  of  a  border  of  pinkish  crystalline  feld^ 
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spathic  matter,  surrounding  a  dark  translucent  siliceous 
centre,  in  which  grains  of  quartz  not  quite  blended 
into  the  paste  could  be  distinguished :  this  uniformity 
in  the  nature  of  the  fragments  Aows  that  they  are  not 
of  mechanical,  but  of  concretionary  origin,  having  re- 
sulted perhaps  from  the  self-breaking  up  and  aggrega- 
tion of  layers  of  indurated  tuff  containing  numerous 
grains  of  quartz, — ^into  which,  indeed,  the  whole  mass 
in  one  part  passed.  The  second  variety  is  a  reddish 
non-porphyritic  claystone,  quite  full  of  spherical 
cavities,  about  half  an  inch  in  diameter,  each  lined  with 
a  collapsed  crust  formed  of  crystals  of  quartz.  The 
third  variety  also  consists  of  a  pale  purple  non-porphy- 
ritic claystone,  almost  wholly  formed  of  concretionary 
balls,  obscurely  arranged  in  layers,  of  a  less  compact 
and  paler  coloured  claystone ;  each  ball  being  on  one 
side  partly  hollow  and  lined  with  crystals  of  quartz. 

Pseudo-Bikes. — Some  miles  up  the  harbour,  in  a 
.line  of  eliflb  formed  of  slightly  metamorphosed  tnface- 
ous  and  porphyritic  claystone  beds,  I  observed  three 
vertical  dikes,  so  closely  resembling  in  general  appear- 
ance ordinary  volcanic  dikes,  that  I  did  not  doubt, 
until  closely  examining  their  composition,  that  they 
had  been  injected  from  below.  The  first  is  straight, 
with  parallel  sides,  and  about  four  feet  wide ;  it  con- 
sists of  whitish,  indurated  tufaceous  matter,  precisely 
like  some  of  the  beds  intersected  by  it.  The  second 
dike  is  more  remarkable ;  it  is  slightly  tortuous,  about 
eighteen  inches  thick,  and  can  be  traced  for  a  con- 
siderable distance  along  the  beach ;  it  is  of  a  purplish- 
red  or  brown  colour,  and  is  formed  chiefly  of  rounded 
grains  of  quartz,  with  broken  crystals  of  earthy  feld- 
spar, scales  of  black  mica,  and  minute  firagmenta  of 
claystone  porphyry,  all  firmly  united  together  in  a  hard 
sparing  base.   The  structure  of  this  dike  shows  obviously 
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that  it  is  of  mecliaDical  and  sedimentary  origin ;  yet 
it  thinned  out  upwards,  and  did  not  cut  through  the 
uppermost  strata  in  the  cliffs.  This  fact  at  first  appears 
to  indicate  that  the  matter  could  not  have  been  washed 
in  from  above ;  *  but  if  we  reflect  on  the  suction  which 
would  result  from  a  deep-seated  fissure  being  formed, 
we  may  admit  that  if  the  fissure  were  in  any  part  open 
\Ki  the  surface,  mud  and  water  might  well  1^  drawn 
into  it  along  its  whole  course.  The  third  dike  consisted 
of  a  hard,  rough,  white  rock,  almost  composed  of  broken 
crystals  of  glassy  feldspar,  with  numerous  scales  of  black 
mica,  cemented  in  a  scanty  base;  there  was  little  in 
the  appearance  of  this  rock,  to  preclude  the  idea  of  its 
having  been  a  true  injected  feldspathic  dike.  The 
matter  composing  these  three  pseudo-dikes,  especially 
the  second  one,  appears  to  have  suffered,  like  the  sur- 
rounding strata,  a  certain  degree  of  metamorphic 
action;  and  this  has  much  aided  the  deceptive  appear- 
ance. At  Bahia,  in  Brazil,  we  have  seen  that  a  true 
injected  homblendic  dike,  not  only  has  suffered  meta- 
morphosis, but  has  been  dislocated  and  even  diffused 
in  the  surrounding  gneiss,  under  the  form  of  separate 
crystals  and  of  fragments. 

Falklayid  Islands. — I  have  described  these  islands 
in  a  paper  published  in  the  third  volume  of  the  '  Geo- 
logical Journal.'  The  mountain-ridges  consist  of  quartz, 
and  the  lower  country  of  clay-slate  and  sandstone,  the 
latter  containing  palaeozoic  fossils.  These  fossils  have 
been  separately  described  by  Messrs.  Morris  and  Sharpe: 
some  of  them  resemble  Silurian,  and  others  Devonian 
forms.  In  the  eastern  part  of  the  group  the  several 
parallel  ridges  of  quartz  extend  in  a  west  and  east  line ; 

*  Upfilled  fissures  are  known  to  oecnr  both  in  volcanic  and  in 
ordinary  sedimeDtaxy  formations.  At  the  Galapngos  Archipelago 
(see  Chapter  V.  of  this  work),  there  are  some  sinking  eiamples  of 
pseudo-dikes  composed  of  hard  toff 
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but  farther  westward  the  line  becomes  WN  W.  and  ESE., 
and  even  still  more  northerly.  The  cleavage-planes  of 
the  claj-slate  are  highly  inclined,  generally  at  an  angle 
of  above  50%  and  often  vertical;  they  strike  almost 
invariably  in  the  same  direction  with  the  quartz  ranges. 
The  outline  of  the  indented  shores  of  the  two  main 
islands,  and  the  relative  positions  of  the  smaller  islets, 
accord  with  the  strike  both  of  the  main  axes  of  elevation 
and  of  the  cleavage  of  the  clay-slate. 

Tierra,  del  Fuego, — ^My  notes  on  the  geology  of 
this  country  are  copious,  but  as  they  are  unimportant, 
and  as  fossils  were  found  only  in  one  district,  a  brief 
sketch  will  be  here  sufficient.  The  east  coast  from  the 
Straits  of  Magellan  (where  the  boulder  formation  is 
largely  developed)  to  St.  Polycarp's  Bay  is  formed  of 
horizontal  tertiary  strata,  bounded  some  way  towards 
the  interior  by  a  broad  mountainous  band  of  clay-slate. 
This  great  clay-slate  formation  extends  from  St.  Le 
Maire  westward  for  140  miles,  along  both  sides  of  the 
Beagle  Channel  to  near  its  bifurcation.  South  of  this 
channel,  it  forms  all  Navarin  Island,  and  the  eastern 
half  of  Hoste  Island  and  of  Hardy  Peninsula ;  north  of 
the  Beagle  Channel  it  extends  in  a  north-west  line  on 
both  sides  of  Admiralty  Sound  to  Brunswick  Peninsula 
in  the  Straits  of  Magellan,  and  I  have  reason  to  believe, 
stretches  far  up  the  eastern  side  of  the  Cordillera.  The 
western  and  broken  side  of  Tierra  del  Fuego  towards 
the  Pacific  is  formed  of  metamorphic  schists,  granite 
and  various  trappean  rocks :  the  line  of  separation  be- 
tween the  crystalline  and  clay-slate  formations  can 
generally  be  distinguished,  as  remarked  by  Captain 
King,^  by  the  parallelism  in  the  clay-slate  districts  of 
the  shores  and  channels,  ranging  in  a  line  between 
[W.  20°  to  40°  N.]  and  [E,  20°  to  40°  S.]. 

>  '  Geographical  Journal/  vol.  i  p.  165. 
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The  clay-slate  is  generally  fissile,  sometimes  siliceous 
or  ferruginous,  with  veins  of  quartz  and  calcareous 
spar ;  it  often  assumes,  especially  on  the  loftier  moun- 
tains, an  altered  feldspathic  character,  passing  into 
feldspathic  porphyry :  occasionally  it  is  associated  with 
breccia  and  grauwacke.  At  Good  Success  Bay,  there 
is  a  little  intercalated  black  crystalline  limestone.  At 
Port  Famine  much  of  the  clay-slate  is  calcareous,  and 
passes  either  into  a  mudstone  or  into  grauwacke,  in- 
cluding odd-shaped  concretions  of  dark  argillaceous 
limestone.  Here  alone,  on  the  shore  a  few  miles  north 
of  Port  Famine,  and  on  the  summit  of  Mount  Tarn 
(2,600  feet  high),  I  found  organic  remains;  they  con- 
sist of: — 

1.  Ancyloceras  simplex,  d'Orbig.  *  Pal.  FrancXPL  V.  f.  2)  Mount Taro. 

2.  Fnsns  (in  imperfect  state)  do. 

3.  Natica  do.  do. 

4.  Pentacrimus      do.  do. 

6.  Lncina  ezcentrica,  Q.  B.  Sowcrby  (PL  V.  fig.  21),  Port  Famine. 

6.  Venus  (in  imperfect  state)  do. 

7.  Turbinolia?    do.  do. 

8.  Hamites  elatior,  O.  B.  Sowerby,  do. 

M.  d'Orbigny  states'  that  MM.  Hombron  and 
Grange  found  in  this  neighbourhood  an  Ancyloceras, 
perhaps  A.  nmplex,  an  Ammonite,  a  Plicatula  and 
Modiola.  M.  d'Orbigny  believes  from  the  general 
character  of  these  fossils,  and  from  the  Ancyloceras 
being  identical  (as  far  as  its  imperfect  condition  allows 
of  comparison)  with  the  A,  simplex  of  Europe,  that 
the  formation  belongs  to  an  early  stage  of  the  Cretaceous 
system.  Professor  E.  Forbes,  judging  only  from  my 
specimens,  concurs  in  the  probability  of  this  conclusion. 
The  Hamites  elatior  of  the  above  list,  of  which  a  de- 
scription is  given  by  Mr.  Sowerby  in  the  Appendix,  and 
which  is  remarkable  from  its  large  sisse,  has  not  been 

«  •  Voyage,  Part.  G6olog.'  p.  242. 
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Been  either  by  M.  d'Orbigny  or  Professor  E.  Forbes,  as, 
since  my  return  to  England,  the  specimens  have  been 
lost.  The  great  clay-slate  formation  of  Tierra  del  Faego 
being  cretaceous,  is  certainly  a  very  interesting  fact, — 
whether  we  consider  the  appearance  of  the  country, 
which,  without  the  evidence  afforded  by  the  fossils, 
would  form  the  analc^y  of  most  known  districts,  pro- 
bably have  been  considered  as  belonging  to  the  Palaeo- 
zoic series, — or  whether  we  view  it  as  showing  that  the 
age  of  this  terminal  portion  of  the  great  axis  of  South 
America,  is  the  same  (as  will  hereafter  be  seen)  with 
the  Cordillera  of  Chile  and  Peru. 

The  clay-slate  in  many  parts  of  Tierra  del  Fuego, 
is  broken  by  dikes  ^  and  by  great  masses  of  greenstone, 
often  highly  homblendic:  almost  all  the  small  islets 
within  the  clay-slate  districts  are  thus  composed.  The 
slate  near  the  dikes  generally  becomes  paler-coloured, 
harder,  less  fissile,  of  a  feldspathic  nature,  and  passes 
into  a  porphyry  or  greenstone :  in  one  case,  however, 
it  became  more  fissile,  of  a  red  colour,  and  contained 
minute  scales  of  mica,  which  were  absent  in  the  un- 
altered rock.  On  the  east  side  of  Ponsonby  Sound, 
some  dikes  composed  of  a  pale  sonorous  feldspathic 
rock,  porphyritic  with  a  little  feldspar,  were  remarkable 
from  their  number, — ^there  being  within  the  space  of  a 
mile  at  least  one  hundred, — from  their  nearly  equalling 
in  bulk  the  intermediate  slate, — and  more  especially 
frcan  the  excessive  fineness  (like  the  finest  inlaid  car- 
pentry) and  perfect  parallelism  of  their  junctions  with 
the  almost  vertical  laminae  of  clay-slate.  I  was  unable 
to  persuade  myself  that  these  great  parallel  masses  had 
been  injected,  until  I  found  one  dike  which  abruptly 

>  In  a  greenstooe-dike  in  the  Magdalen  Channel,  the  feldspar 
cleaved  witib  the  angle  of  alblte.  This  dike  was  Grossed,  as  well  as 
the  sarronnding  slate,  bj  a  large  vein  of  quarti,  a  circamstanoe  of 
unusual  occurrence. 
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thinned  oat  to  half  its  thickness,  and  had  one  of  its 
walls  jagged,  with  fragments  of  the  slate  embedded 
in  it. 

In  southern  T,  del  Fuego,  the  clay-slate  towards 
its  SW.  boundary,  becomes  much  altered  and  feld- 
spathic.  Thus  on  WoUaston  Island  slate  and  grauwacke 
can  be  distinctly  traced  passing  into  feldspathic  rocks 
and  greenstones,  including  iron  pyrites  and  epidote, 
but  still  retaining  traces  of  cleavage  with  the  usual 
strike  and  dip.  One  such  metamorphosed  mass  was 
traversed  by  large  vein-like  masses  of  a  beautiful 
mixture  (as  ascertained  by  Professor  Miller)  of  green 
epidote,  garnets,  and  white  calcareous  spar.  On  the 
northern  point  of  this  same  island,  there  were  various 
ancient  submarine  volcanic  rocks,  consisting  of  amyg* 
daloids  with  dark  bole  and  agate, — of  basalt  with 
decomposed  olivine, — of  compact  lava  with  glassy 
feldspar, — and  of  a  coarse  conglomerate  of  red  scori83, 
parts  being  amygdaloidal  with  carbonate  of  lime.  The 
southern  part  of  WoUaston  Island  and  the  whole  of 
Hermite  and  Horn  Islands,  seem  formed  of  cones  of 
greenstone :  the  outlying  islets  of  II  Defenso  and  D. 
Raminez  are  said '  to  consist  of  porphyritic  lava.  In 
crossing  Hardy  Peninsula,  the  slate  still  retaining 
traces  of  its  usual  cleavage,  passes  into  columnar  feld- 
spathic rocks,  which  are  succeeded  by  an  irregular  tract 
of  trappean  and  basaltic  rocks,  containing  glassy  feld- 
spar and  much  iron  pyrites :  there  is,  also,  some  harsh 
red  claystone  porphyry,  and  an  almost  true  trachyte, 
with  needles  of  homblend,  and  in  one  spot  a  curioua 
alaty  rock  divided  into  quadrangular  columns,  having 
a  base  almost  like  trachyte,  with  drusy  cavities  lined 
by  crystals,  too  imperfect,  according  to  Professor  Miller, 

1  Determined  by  Professor  Jameson.    WeddclVs  *  Voyage/  p.  1C9. 
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to  be  measared,  bat  resembling  Zeagonite.'  In  the 
midst  of  these  singular  rocks,  no  doubt  of  ancient  sub- 
marine volcanic  origin,  a  high  hill  of  feldspathic  clay- 
slate  projected,  retaining  its  usual  cleavage.  Near  this 
point,  there  was  a  small  hillock,  having  the  aspect  of 
granite,  but  formed  of  white  albite,  brilliant  crystals  of 
hornblende  (both  ascertained  by  the  reflecting  gonio- 
meter) and  mica;  but  with  no  quartz.  No  recent 
volcanic  district  has  been  observed  in  any  part  of  Tierra 
del  Fnego. 

Five  mUes  west  of  the  bifurcation  of  the  Beagle 
Channel,  the  slate-formation,  instead  of  becoming,  as 
in  the  more  southern  parts  of  Tierra  del  Fuego,  feld- 
spathic, and  associated  with  trappean  or  old  volcanic 
rocks,  passes  by  alternations  into  a  great  underlying 
mass  of  fine  gneiss  and  glossy  clay-slate,  which  at  no 
great  distance  is  succeeded  by  a  grand  formation  of 
mica-slate  containing  garnets.  The  folia  of  these 
metamorphic  schists  strike  parallel  to  the  cleavage- 
planes  of  the  clay-slate,  which  have  a  very  uniform 
direction  over  the  whole  of  this  part  of  the  country : 
the  folia,  however,  are  nndulatory  and  tortuous,  whilst 
the  cleavage-laminsB  of  the  slate  are  straight.  These 
schists  compose  the  chief  mountain  chain  of  southern 
T.  del  Fuego,  ranging  along  the  north  side  of  the  north- 
em  arm  of  the  Beagle  Channel,  in  a  short  WNW. 
and  £S£.  line,  with  two  points  (Mounts  Sarmiento  and 
Darwin)  rising  to  heights  of  6,800  and  6,900  feet. 
On  the  south-western  side  of  this  northern  arm  of  the 
Beagle  C!hannel,  the  day-slate  is  seen  with  its  straia 
dipping  fix>m  the  great  chain,  so  that  the  metamorphio 
schists  here  form  a  ridge  bordered  on  each  side  by  clay- 
date.     Farther  north,  however,  to  the  west  of  thia 

*  See  M£  Brooke's  Paper  in  the  'London  Phil.  Mag.'  toL  z. 
This  mineral  occurs  in  an  ancient  Tolcanic  rock  near  Rome. 
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great  range,  there  is  no  clay-8late,  but  only  gneiss,  mica, 
and  homblendic  slates,  resting  on  great  barren. hills  of 
true  granite,  and  forming  a  tract  about  sixty  miles  in 
width.  Again,  westward  of  these  rocks,  the  outermost 
islands  are  of  trappean  formation,  which,  from  infor- 
mation obtained  during  the  voyages  of  the  ^duew^re 
and  Beagle,^  seem,  together  with  granite,  chiefly  to 
prevail  along  the  western  coast  as  far  north  as  the  en- 
trance of  the  St.  of  Magellan :  a  little  more  inland,  on 
the  eastern  side  of  Clarence  Island  and  S.  Desolation, 
granite,  greenstone,  mica-slate,  and  gneiss  appear  to 
predominate.  I  am  tempted  to  believe,  that  where  the 
clay-slate  has  been  metamorphosed  at  great  depths 
beneath  the  surface,  gneiss,  mica-slate,  and  other  allied 
rocks  have  been  formed,  but  where  the  action  has  taken 
place  nearer  the  surface,  feldspathic  porphyries,  green- 
stones, etc.,  have  resulted,  ofben  accompanied  by  sub- 
marine volcanic  eruptions. 

Only  one  other  rock,  met  with  in  both  arms  of  the 
Beagle  Channel,  deserves  any  notice,  namely  a  granulo- 
crystalline  mixture  of  white  albite,  black  hornblende 
(ascertained  by  measurement  of  the  crystals,  and  con- 
firmed by  Professor  Miller);  and  more  or  less  of  brown 
mica,  but  without  any  quartz.  This  rock  occurs  in 
large  masses,  closely  resembling  in  external  form 
granite  or  syenite :  in  the  southern  arm  of  the  Channel, 
one  such  mass  underlies  the  mica-slate,  on  which  clay* 
slate  was  superimposed:  this  peculiar  plntonic  rock 
which,  as  we  have  seen,  occurs  also  in  Hardy  Peninsula, 
is  interesting,  from  its  perfect  similarity  with  that 
(hereafter  often  to  be  referred  to  under  the  name  of 

'  See  the  Paper  by  Capt.  King,  in  the  •  Geograph.  Journal ;  *  also 
a  Letter  to  Dr.  Fitton  in  *  Qeolog.  Proc.'  vol.  i.  p.  29 ;  also  some  ob- 
aenrations  by  Capt.  FitzRoy,  'Voyages/ vol,  i.  p.  375.  I  am  indebted 
also  to  Mr.  Lyell  for  a  series  of  specimens  collected  by  LieaU 
QraTet. 
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andesite)  forming  the  great  injected  axes  of  the  Cordil- 
lera of  Chile. 

The  stratification  of  the  clay-slate  is  generally  very 
obscure,  whereas  the  cleavage  is  remarkably  well  defined : 
to  begin  with  the  extreme  eastern  parts  of  T.  del  Fuego ; 
the  cleavage-planes  near  the  St.  of  Le  Maire  strike 
either  W.  and  E.  or  WSW.  and  ENE.,  and  are  highly 
inclined ;  the  form  of  the  land,  including  Staten  Island, 
indicates  that  the  axes  of  elevation  have  run  in  this 
same  line,  though  I  was  unable  to  distinguish  the  planes 
of  stratification.  Proceeding  westward,  I  accurately 
examined  the  cleavage  of  the  clay-slate  on  the  northern, 
eastern,  and  western  sides  (thirty-five  miles  apart)  of 
Mavarin  Island,  and  everywhere  found  the  laminsB 
ranging  with  extreme  regularity,  WNW.  and  ESE., 
seldom  varying  more  than  one  point  of  the  compass 
from  this  direction.^  Both  on  the  east  and  west  coasts, 
I  crossed  at  right-angles  the  cleavage-planes  for  a  space 
of  about  eight  miles,  and  found  them  dipping  at  an 
angle  of  between  45°  and  90°,  generally  to  SSW., 
sometimes  to  NNE.,  and  often  quite  vertically.  The 
SSW.  dip  was  occasionally  succeeded  abruptly  by  a 
NNE.  dip,  and  this  by  a  vertical  cleavage,  or  again  by 
the  SSW.  dip ;  as  in  a  lofty  cliff  on  the  eastern  end  of 
the  island  the  ItmiinaB  of  slate  were  seen  to  be  folded 
into  very  large  stiB^p  curves,  ranging  in  the  usual  WNW. 
line,  I  suspect  that  the  varying  and  opposite  dips  may 
possibly  be  accounted  for  by  the  cleavage-laminse, 
though  to  the  eye  appearing  straight,  beiog  parts 
of  large  abrupt  curves,  with  their  summits  cut  off  and 
worn  down. 

In  several  places  I  was  particularly  struck  with  the 

1  The  day-slate  in  this  island  was  in  many  places  crossed  by 
parallel  smooth  joints.  Out  of  five  cases,  the  angle  of  intersectioii 
between  the  strike  of  these  joints  and  that  of  the  cleavage-laminai 
was  in  two  cases  45°  and  in  two  others  79°. 
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fiact,  that  the  fine  laminae  of  the  clay-slate,  where  catr- 
ting  straight  through  the  bands  of  stratification,  and 
therefore  indisputably  true  cleavage-planes,  difiered 
slightly  in  their  greyish  and  greenish  tints  of  colour,  in 
compactness,  and  in  some  of  the  laminse  having  a  rather 
more  jaspery  appearance  than  others.  I  have  not  seen 
this  fact  recorded,  and  it  appears  to  me  important,  for 
it  shows  that  the  same  cause  which  has  produced  the 
highly  fissile  structure,  has  altered  in  a  slight  degree 
the  mineralogical  character  of  the  rock  in  the  same 
planes.  The  bands  of  stratification,  just  alluded  to, 
can  be  distinguished  in  many  places,  especially  in 
Navarin  Island,  but  only  on  the  weathered  surfaces  of 
the  slate ;  they  consist  of  slightly  nndulatoiy  zones  of 
different  shades  of  colour  and  of  thicknesses,  and  re- 
semble the  marks  (more  closely  than  anything  else 
to  which  I  can  compare  them)  left  on  the  inside  of  a 
vessel  by  the  draining  away  of  some  dirty  slightly 
agitated  liquor:  no  difference  in  composition,  corre^ 
spending  with  these  zones,  could  be  seen  in  freshly 
fractured  surfaces.  In  the  more  level  parts  of 
Navarin  Island,  these  bands  of  stratification  were 
nearly  horizontal ;  bnt  on  the  flanks  of  the  mountains 
they  were  inclined  from  them,  but  in  no  instance  that 
I  saw  at  a  very  high  angle.  There  can,  I  think,  be  no 
doubt  that  these  zones,  which  appear  only  on  the 
weathered  Bur&ices,  are  the  last  vestiges  of  the  ori- 
ginal planes  of  stratification,  now  almost  obliterated 
by  the  highly  fissile  and  altered  stmcture  which  the 
mass  has  assumed. 

The  clay-slate  cleaves  in  the  same  WNW.  and  ESE. 
direction,  as  on  Navarin.  Island,  on  both  sides  of  the 
Beagle  Channel,  on  the  eastern  side  of  Hoste  Island,  on 
the  NE.  side  of  Hardy  Peninsula,  and  on  the  northern 
point  of  WoIIaston   Island;    although    in   these  two 
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latter  localities  the  cleavage  has  been  mach  obscured 
by  the  metamorphosed  and  feldspathic  condition  of  the 
slate.  Within  the  area  of  these  several  islands,  in- 
cluding Navarin  Island,  the  direction  of  the  stratifica- 
tion and  of  the  mountain-chains  is  very  obscure ;  though 
the  mountains  in  several  places  appeared  to  range  in 
the  same  WNW.  line  with  the  cleavage:  the  outline 
of  the  coast,  however,  does  not  correspcxid  with  this 
line.  '  Near  the  bifurcation  of  the  Beagle  Channel, 
where  the  underlying  metamorphic  schists  are  first  seen, 
they  are  foliated  (with  some  irregularities)  in  this  same 
WNW.  line,  and  parallel,  as  before  stated,  to  the  main 
monntjun-axis  of  this  part  of  the  country.  Westward 
of  this  main  range  the  metamorphic  schists  are  foliated, 
though  less  plainly,  in  the  same  direction,  which  is 
likewise  common  to  the  zone  of  old  erupted  trappean 
rucks  forming  the  outermost  islets.  Hence  the  area, 
over  which  the  cleavage  of  the  slate  and  the  foliation  of 
the  metamorphic  schiBts  extends  with  an  average  WNW. 
and  £SE.  strike,  is  about  forty  miles  in  a  north  and 
south  line,  and  ninety  miles  in  an  east  and  west  line. 

Further  northward,  near  Port  Famine,  the  stratifi- 
cation of  the  day-slate  and  of  the  associated  jocks  is 
well  defined,  and  there  alone  the  cleavage  and  strata- 
planes  are  paralleL  A  little  north  of  this  port  there  is 
an  anticlinal  axis  ranging  NW.  (or  a  little  more  westerly) 
and  SE. :  south  of  the  port,  as  far  as  Admiralty  Sound 
and  Gabriel  Channel,  the  outline  of  the  land  clearly 
indicates  the  existence  of  severakl  lines  of  elevation  in 
this  same  NW.  direction,  which,  I  may  add,  is  so  uni- 
form in  the  western  half  of  the  St.  of  Magellan,  that, 
as  Captain  King  ^  has  remarked, '  a  parallel  ruler  placed 
on  the  map  upon  the  projecting  points  of  the  south 
shore,  and  extended  across  the  strait,  will  also  touch 

>  *  Geograph.  Journal,*  vol.  i  p.  170. 
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the  headlands  on  the  opposite  coast/     It  woald  appear, 

from   Captain   King's   observations,  that  over  all   this 

area  the  cleavage  extends  in  the  same  line.    Deep-water 

channels,  however,  in   all    parts  of  Tierra  del   Fuego 

have  burst  throagh  the  trammels  both  of  stratification 

and  cleavage ;  most  of  them  may  have  been  formed  during 

the  elevation  of  the  land  by  long-continued  erosion, 

but  others,  for  instance,  the  Beagle  Channel,  which 

stretches  like  a  narrow  canal  for  120   miles  obliquely 

through  the  mountains,  can  hardly  have  thus  originated. 

Finally,  we  have  seen  that  in  the  extreme  eastern 

point  of  Tierra  del  Fuego,  the  cleavage  and  coast-lines 

extend  W.  and  E.  and  even  WSW.  and  ENE. :  over  a 

large  area  westward,  the  cleavage,  the  main  range  of 

mountains,  and  some  subordinate  ranges,  but  not  the 

outlines  of  the  coast,  strike  WNW.  and  ESE. ;  in  the 

central  and  western  parts  of  the  Strait  of  Magellan,  the. 

stratification,  the  mountain-ranges,  the  outlines  of  the 

coast,  and  the  cleavage  all  strike  nearly  NW.  and  SE. 

North  of  the  strait,  the  outline  of  the  coast,  and   the 

mountains    on    the  mainland,  run   nearly  north  and, 

south.     Hence  we  see,  at  this  southern  point  of  the 

continent,  how   gradually  the   Cordillera    bend,  from. 

their  north  and  south  course  of  so  many  thousand  miles 

in  length,  into  an  E.  and  even  ENE.  direction. 

West  Coaatj  from  the  Southern  Chxmos  Islarids  to 
Northern  Chile. — The  first  place  at  which  we  landed 
north  of  the  St.  of  MageUan  was  near  Cape  Tres  Montes, 
in  lat.  47^  S.  Between  this  point  and  the  northern 
Chonos  Islands,  a  distance  of  200  miles,  the  *•  Beagle ' 
visited  several  points,  and  specimens  were  collected  for 
me  bom  the  intermediate  spaces  by  Lieut.  Stokes. 
The  predominant  rock  is  mica-slate,  with  thick  folia 
of  quartz,  very  frequently  alternating  with  and  passin^^ 
into  a  chloriticy  or  into  a  Llack,  glossy,  often  striated. 


CHAP.  XIII.  Chonos  Archipelago.  451 

slightly  anthracitic  schist,  which  soils  paper,  and  be- 
comes white  ander  a  ^eat  heat,  and  then  fuses.  Thin 
layers  of  feldspar,  swelling  at  intervals  into  well  crystal- 
lised kernels,  are  sometimes  included  in  these  black 
schists ;  and  I  observed  one  mass  of  the  ordinary  black 
variety  insensibly  lose  its  fissile  structure,  and  pass  into  a 
singular  mixture  of  chlorite,  epidote,  feldspar,  and  mica. 
Great  veins  of  quartz  are  numerous  in  the  mica-schist; 
wherever  these  occur  the  folia  are  much  convoluted. 
In  the  southern  part  of  the  Peninsula*of  Tres  Montes, 
a  compact  altered  feldspathic  rock  with  crystals  of 
feldspar  and  grains  of  quartz  is  the  commonest  variety ; 
this  rock '  exhibits  occasionally  traces  of  an  original 
brecciated  structure,  and  often  presents  (like  the  altered 
state  of  Tierra  del  Fuego)  traces  of  cleavage-planes, 
which  strike  in  the  same  direction  with  the  folia  of 
mica-schist  farther  northward.  At  Inchemo  Island,  a 
similar  rock  gradually  becomes  granulo-cryst«lline  and 
acquires  scales  of  mica ;  and  this  variety  at  S.  Estevan 
becomes  highly  laminated,  and  though  still  exhibiting 
some  rounded  grains  of  quartz,  passes  into  the  black,, 
glossy,  slightly  anthracitic  schist  which,  as  we  have 
seen,  repeatedly  alternates  with  and  passes  into  the 
micaceous  and  chloritic  schists.  Hence  all  the  rocks 
on  this  line  of  coast  belong  to  one  series,  and  insensibly 
vary  from  an  altered  feldspathic  clay-slate  into  largely 
foliated,  true  mica-schist. 

The  cleavage  of  the  homogeneous  schists,  the  folia- 
tion of  those  composed  of  more  or  less  distinct  minerals 
in  layers,  and  the  planes  of  alternation  of  the  different 
varieties  or  so-called  stratification  are  all  parallel,  and 
preserve  over  this   200   miles   of  coast  a  remarkable 

'  The  pecaliar,  abruptly  conical  form  of  the  hills  in  this  neigh> 
boarhood,  would  have  led  anyone  at  first  to  have  supposed  that  they 
liad  been  formed  of  injficted  or  intrusive  rucks. 

SO 
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degree  of  uniformity  in  direction.  At  the  northern 
end  of  the  group,  at  Low's  Harbour,  the  well-defined 
folia  of  mica-schist  everywhere  ranged  within  eight 
degrees  (or  less  than  one  point  of  the  compass)  of 
N.  19°  W.  and  S.  19°  E. ;  and  even  the  point  of  dip 
varied  very  little,  being  always  directed  to  the  west  and 
generally  at  an  angle  of  forty  degrees :  I  should  mention 
that  I  had  here  good  opportunities  of  observation,  for  I 
followed  the  naked  rock  on  the  beach,  transversely  to 
the  strike,  for  a  distance  of  four  miles  and  a  half,  and 
all  the  way  attended  to  the  dip.  Along  the  outer  islands 
for  100  miles  south  of  Low's  Harbour,  Lieutenant  Stokes, 
during  his  boat-survey,  kindly  observed  for  me  the  strike 
of  the  foliation,  and  he  assures  me  that  it  was  invariably 
northerly,  and  the  dip  with  one  single  exception  to*the 
west.  Farther  south,  at  Vallenar  Bay,  the  strike  was 
almost  universally  N.  25°  W.,  and  the  dip,  generally  at 
an  angle  of  about  40°  to  W.  25°  S.,  but  in  some  places 
almost  vertical.  Still  farther  south,  in  the  neighbour- 
hood of  the  harbours  of  Anna  Pink,  S.  Estevan,  and  S. 
.Andres,  and  (judging  from  a  distance)  along  the  southern 
part  of  Tres  Montes,  the  foliation  and  cleavage  extended 
in  a  line  between  [N.  11°  to  22°  W.]  and  [S.  11°  to 
22°  E.] ;  and  the  planes  dipped  generally  westerly,  but 
oft<en  easterly,  at  angles  varying  from  a  gentle  inclina- 
tion to  vertical.  At  A.  Pink's  Harbour,  where  the 
schists  generally  dipped  easterly,  wherever  the  angle 
became  high,  the  strike  changed  from  N.  11°  W.  to 
even  as  much  as  N.  45°  W. :  in  an  analogous  manner 
at  Vallenar  Bay,  where  the  dip  was  westerly  (viz.  on  an 
average  directed'  to  W.  25°  S.),  as  soon  as  the  angle 
became  very  high,  the  planes  struck  in  a  line  more 
than  25°  west  of  north.  The  average  result  from  all 
the  observations  on  this  200  miles  of  coast,  is  a  strike 
of  N.  19°  W.  and  S.  19°  E. :  considering  that  in  each 
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specified  place  my  examination  extended  oFer  an  area 
of  several  miles,  and  that  Lieut.  Stokes'  observations 
apply  to  a  length  of  100  miles,  I  think  this  remarkable 
uniformity  is  pretty  well  estaUished.  The  prevalence, 
throQghont  the  northern  half  of  this  line  of  coast,  of  a 
dip  in  one  direction,  that  is,  to  the  west,  instead  of  being 
sometimes  west  and  sometimes  east,  is,  judging  from 
what  1  have  elsewhere  seen,  an  unusual  circumstance. 
In  Brazil,  La  Plata,  the  Falkland  Islands,  and  Tierra 
del  Fuego,  t1  e^e  is  generally  an  obvious  relation  be- 
tween the  axe^  of  elevation,  the  outline  of  the  coast, 
and  the  strike  of  the  cleavage  or  foliation :  in  the 
Chonos  Archipelago,  however,  neither  the  minor  details 
of  the  coast-line  nor  the  chain  of  the  Cordillera,  nor 
the  subordinate  transverse  mountain-axes,  accord  with 
the  strike  of  the  foliation  and  cleavage :  the  seaward 
face  of  the  numerous  islands  composing  this  archi- 
pelago, and  apparently  the  line  of  the  Cordillera,  range 
N.  11°  E.,  whereas,  as  we  have  just  seen,  the  average 
strike  of  the  foliation  is  N.  19°  W. 

There  is  one  interesting  exception  to  the  uniformity 
in  the  strike  of  the  foliation.  At  the  northern  point 
of  Tres  Montes  (lat.  45°  52')  a  bold  chain  of  granite, 
between  2,000  and  3,000  feet  in  height,  runs  from  the 
coast  &r  into  the  interior,^  in  a  ESE.  line,  or  more 
strictly  E.  28°  6.  and  W.  28°  N.  In  a  bay,  at  the  north- 
em  foot  of  this  range,  there  are  a  few  islets  of  mica- 
slate,  with  the  folia  in  some  parts  horizontal,  but  mostly 
inclined  at  an  average  angle  of  20°  to  the  north.  On 
the  northern  steep  flank,  of  the  range,  there  are  a  few 
patches  (some  quite  isolated,  and  not  larger  than  half-a- 

*  lo  the  dktaaoe,  other  moantains  coald  be  seen  apparently 
ranging  NNE.  and  88 W.  at  right  angles  to  this  one.  I  may  add, 
that  not  far  from  Vallenar  Bay  there  is  a  fine  range,  apparently  of 
granite,  which  has  bur^t  through  the  mica-slate  in  a  Nfi.  by  fi.  and 
6W.  by  &  line. 
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crown!)  of  the  mica-scliist,  foliated  with  the  same 
northerly  dip.  On  the  broad  summit,  as  far  as  the 
southern  crest,  there  is  much  mica- slate,  in  some  places 
even  400  feet  in  thickness,  with  the  folia  all  dipping 
north,  at  angles  varying  from  5°  to  20°,  but  soraetimes 
mounting  up  to  30°.  The  southern  flank  consists  of 
bare  granite.  The  mica- slate  is  penetrated  by  small 
veins  ^  of  granite,  branching  from  the  main  body. 
Leaving  out  of  view  the  prevalent  strike  of  the  folia  in 
other  parts  of  this  archipelago,  it  might  have  been 
expected  that  here  they  would  have  dipped  N,  28°  E., 
that  is,  directly  from  the  ridge,  and,  tx>nsidering  its 
abruptness,  at  a  high  inclination ;  but  the  real  dip,  as 
we  have  just  seen,  both  at  the  foot  and  on  the  northern 
flank,  and  over  the  entire  summit,  is  at  a  small  angle, 
and  directed  nearly  due  north.  From  these  considera- 
tions it  occurred  to  me,  that  perhaps  we  here  had  the 
novel  and  curious  case  of  already  inclined  lamina3 
obliquely  tilted  at  a  subsequent  period  by  the  granitic 
axis.  Mr.  Hopkins,  so  well  known  from  his  mathe- 
matical investigations,  has  most  kindly  calculated  the 
problem :  the  proposition  sent  was, — ^take  a  district 
composed  of  laminsB,  dipping  at  an  angle  of  40°  to 
W.  19°  S.,  and  let  an  axis  of  elevation  traverse  it  in  an 
E.  28°  S.  line,  what  will  the  position  of  the  laminas  be 
on  the  northern  flank  after  a  tilt,  we  will  first  suppose, 
of  45°?  Mr.  Hopkins  informs  me,  that  the  angle  of 
the  dip  will  be  28°  31',  and  its  direction  to  north 
80°  33'  west.*     By  varying  the  supposed  angle  of  the 

*  The  granite  within  these  veins,  as  well  as  generally  at  the 
janotion  with  the  mica-slate,  is  more  quartzose  than  elsewbeie.  Tt.e 
granite,  I  may  add,  is  traversed  by  dikes  running  for  a  very  great 
length  in  the  line  of  the  mountains ;  they  are  composed  of  a  some- 
what laminated  enrite,  containing  crystals  of  feldspar,  hornblende, 
and  octagons  of  quarts. 

*  On  the  south  side  of  the  axis  (where,  however,  I  did  not  see  any 
mica-slate)  the  dip  of  the  folia  would  be  at  An  angle  of  77^  65 , 
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tilt,  our  previously  incliued  folia  can  be  thrown  into 
any  angle  between  26°,  which  is  the  least  possible  angle, 
and  90° ;  but  if  a  small  inclination  be  thus  given  to 
them,  their  point  of  dip  will  depart  far  from  the  north, 
and  therefore  not  accord  with  the  actual  position  of  the 
folia  of  mica-schist  on  our  granitic  range.  Hence  it  ap- 
pears very  difficult,  without  varying  considerably  the  ele- 
ments of  the  problem,  thus  to  explain  theanomalous  strike 
and  dip  of  the  foliated  mica-schist,  especially  in  those 
parts,  namely,  at  the  base  of  the  range,  where  the  folia 
are  almost  horizontal.  Mr.  Hopkins,  however,  adds, 
that  great  irregularities  and  lateral  thrusts  might  be 
expected  in  every  great  line  of  elevation,  and  that  these 
would  account  for  considerable  deviations  from  tho 
calculated  reanlts :  considering  that  the  granitic  axis^ 
as  shown  by  the  veins,  has  indisputably  been  injected 
afler  the  perfect  formation  of  the  mica-slate,  and  con- 
sidering the  uniformity  of  the  strike  of  the  folia  through- 
out the  rest  of  the  archipelago,  I  cannot  but  still  think 
that  their  anomalous  position  at  this  one  point  is 
someway  directly  and  mechanically  related  to  the  in- 
trusion of  this  WNW.  and  ESE.  mountain-chain  of 
granite. 

Dikes  are  frequent  in  the  metamorphic  schists  of  the 
Chonos  Islands,  and  seem  feebly  to  repi'esent  that  great 
baud  of  trappean  and  ancient  volcanic  rocks  on  the 
south-western  coast  of  T.  del  Fuego.  At  S.  Andres  I 
observed  in  the  space  of  half  a  mile,  seven  broad,  parallel 
dikes,  composed  of  three  varieties  of  trap,  running  in  a 
NW.  and  SE.  line,  parallel  to  the  neighbouring  moun- 
tain-ranges of  altered  clay-slate ;  but  they  must  be  of 
long  subsequent  origin  to  these  mountains;   for  they 

directed  to  the  west  86°  33'  south.  Hence  the  two  points  of  dip  on 
the  opposite  sides  of  the  range,  instead  of  being  as  in  ordinary  cased 
directly  opposed  to  each  other  at  uu  an^le  of  l^C,  would  hcie  Im 
only  Sfi**  50'  apart. 
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intersected  the  volcanic  formation  described  in  the  last 
chapter.  North  of  Tres  Montes,  I  noticed  three  dikes 
differing  fiiom  each  other  in  composition,  one  of  them 
having  an  enritic  base  indading  large  octagons  of 
qaartz ;  these  dikes,  as  well  as  several  of  porphyritic 
greenstone  at  Yallenar  Bay,  extended  NE.  and  SW., 
nearly  at  right  angles  to  the  foliation  of  the  schists, 
bat  in  the  line  of  their  joints.  At  Low's  Harbour, 
however,  a  set  of  great  parallel  dikes,  one  ninety  yards 
and  another  sixty  yards  in  width,  have  been  guided  by 
the  foliation  of  the  mica-schist,  and  hence  are  inclined 
westward  at  an  angle  of  45° :  these  dikes  are  formed  of 
various  porphyritic  traps,  some  of  which  are  remarkable 
from  containing  numerous  rounded  grains  of  quartz. 
A  porphyritic  trap  of  this  latter  kind,  parsed  in  one  of 
the  dikes  into  a  most  curious  homstone,  perfectly  white, 
with  a  waxy  fracture  and  pellucid  edges,  fusible,  and 
containing  many  grains  of  quartz  and  specks  of  iron 
pyrites.  In  the  ninety  yard  dike  several  large,  appa- 
rently now  quite  isolated  fragments  of  mica-slate  were 
embedded ;  but  as  their  foliation  was  exactly  parallel 
to  that  of  the  surrounding  solid  rock,  no  doubt  these 
now  separate  fragments  originally  formed  wedge-shaped 
depending  portions  of  a  continuous  vault  or  crust, 
once  extending  over  the  dike,  but  since  worn  down  and 
denuded. 

Chiloe  Valdivia,  Concepcion. — In  Chiloe,  a  great 
formation  of  mica-schist  strikingly  resembles  that  of 
the  Chonos  Islands.  For  a  space  of  eleven  miles  on 
the  8E.  coast,  the  folia  were  very  distinct,  though 
slightly  convoluted,  and  ranged  within  a  point  of  NNW. 
and  SSE.,  dipping  either  ENE.  or  more  commonly 
WSW.,  at  an  average  angle  of  22°  (in  one  spot,  however, 
at  60°),  and  therefore  decidedly  «';t  a  lesser  inclination 
than  amongst  the  Chonos  Islands.  On  the  west  and 
north- western  shores,  the  foliation  was  ofYen  obscure. 


CHAP.  xin.        Chiloe  and  Concepcion,  457 

though,  where  best  defined,  it  ranged  within  a  point  of 
N.  by  W.  and  S.  by  E.,  dipping  either  easterly  or 
westerly,  at  varying  and  generaUy  very  small  angles. 
Hence,  firom  the  southern  part  of  Tres  Montes  to  the 
northern  end  of  Chiloe,  a  distance  of  300  miles,  we 
have  closely  allied  rocks  with  their  folia  striking  on  an 
average  in  the  same  direction,  namely,  between  N.  IP 
and  22°  W.  Again,  at  Valdivia,  we  meet  with  the 
same  micanschist,  exhibiting  nearly  the  same  minera- 
logical  passages  as  in  the  Chonos  Archipelago,  often, 
however,  becoming  more  ferruginous,  and  containing 
so  much  feldspar  as  to  pass  into  gneiss.  The  folia  were 
generally  well  defined ;  but  nowhere  else  in  South 
America  did  I  see  them  varying  so  much  in  direction : 
this  seemed  chiefly  caused  by  their  forming  parts,  as  I 
could  sometimes  distinctly  trace,  of  large  flat  curves : 
nevertheless,  both  near  the  settlement  and  towards  the 
interior^  a  NW.  and  SE.  strike  seemed  more  frequent 
than  any  other  direction;  the  angle  of  the  dip  was 
generally  small.  At  Concepcion,  a  highly  glossy  clay- 
slate  had  its  cleavage  often  slightly  curvilinear,  and 
inclined,  seldom  at  a  high  angle,  towards  various  points 
of  the  compass ;  *  but  here,  as  at  Valdivia,  a  NW.  and 

'  I  observed  in  some  parts  that  the  tops  of  the  lamiiue  of  the 
clay-slate  (^  of  the  diagram)  under  the  superficial  detritus  and  soil 
(a)  were  bent,  sometimes  without  be-  ^^  g^^ 

ing    broken,  as   represented  in  the 
accompanying    diagram,    which    is    0  gar^ 


copied  from  one  given  by  Sir.  H.  De     ,  >?i>^^^^§?i;^>^^ 
la  Beche  (p.  42. « Geological  Manual')    ^  tk^-^^^WT 
of  an  exactly  similar  phenomenon  in    ^  ^i 
Devonshire.    Mr.  R.  A.  C.  Austen,  also,       U 
in  his  excellent  paper  on  S.E.  Devon 

(*  Geolog.  Transact.'  vol.  vi.  p.  4.S7),  has  described  this  phenomenon  ; 
he  attributes  it  to  the  action  of  frosts,  but  at  the  same  time  doubts 
whether  the  frosts  of  the  present  day  penetrate  to  a  suflScient  depth. 
As  it  is  known  that  earthquakes  particularly  affect  the  surface  of  the 
ground, it  occurred  to  me  that  this  appearance  might  perhaps  lie  due, 
at  least  at  Concepcion,  to  their  frequent  occurrence;  the  pupeificial 
layers  of  detritus  being  either  jerked  in  one  direction,  or,  wbeie  the 
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SE.  strike  stemed  to  be  the  most  frequent  one.  In 
certain  spots  large  qnartz  veins  were  namerous,  and 
near  them  the  cleavage,  as  was  the  case  with  the  folia- 
tion of  the  schists  in  the  Ghonos  Archipelago,  became 
extremely  tortuous. 

At  the  northern  end  of  Quinquina  Island,  in  the 
Bay  of  Concepcion,  at  least  eight  rudely  parallel  dikes, 
which  have  been  guided  to  a  certain  extent  by  tho 
cleavage  of  the  slate,  occur  within  the  space  of  a  quarter 
of  a  mile.  They  vary  much  in  composition,  resembling 
iu  many  respects  the  dikes  at  Low's  Harbour:  the 
greater  number  consist  of  feldspathic  porphyries,  some- 
times containing  grains  of  quartz:  one,  however,  was 
black  and  brilliant,  like  an  augitic  rock,  but  really 
f  Drmed  of  feldspar ;  others  of  a  feldspathic  nature  were 
perfectly  white,  with  either  an  earthly  or  crystalline 
fracture,  and  including  grains  and  regular  octagons  of 
quartz ;  these  white  varieties  passed  into  ordinary  green- 
stones. Although,  both  here  and  at  Low's  Harbour, 
the  nature  of  the  rock  varied  considerably  in  the  same 
dike,  yet  I  cannot  but  think  that  at  these  two  places 
and  in  other  parts  of  the  Ghonos  group,  where  the  dikes, 
though  close  to  each  other  and  running  parallel,  are  of 
different  composition,  that  they  must  have  been  formed 
at  different  periods.  In  the  case  cf  Quinquina  this  is  a 
rather  interesting  conclusion,  for  these  eight  parallel 
dikes  cut  through  the  metamorphic  schists  in  a  NW. 
and  SE.  line,  and  since  their  injection  the  overlying 
cretaceous  or  tertiary  strata  have  been  tilted  (whilst 
still  under  the  sea)  from  a  NW.  by  N.  and  SE.  by 

■nrfaoe  was  inclined,  pushed  a  lit  He  downwards  daring  each  strong 
yibration.  In  North  Wales  I  have  seen  a  somewhat  analogous  but 
less  regular  appearance,  though  on  a  greater  scale  (*  London  PhiL 
Mag/  vol.  zzi  p.  184),  and  produced  by  a  quite  different  cause* 
namely,  by  the  stranding  of  great  icebergs;  this  latter  appearanoe 
has  also  lieen  obeterrcd  in  North  America. 
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S.  line;  aod  again,  daring  the  great  earthquake  of 
February  1835,  the  ground  in  this  neighbourhood  was 
fissured  in  N W.  and  SE.  lines ;  and  from  the  manner  in 
which  buildings  were  thrown  down,  it  was  evident  that 
the  surface  undulated  in  this  same  direction.^ 

Central  and  Northern  Chile. — Northward  of  Con- 
cepcion,  as  far  as  Copiapo,  the  shores  of  the  Pacific 
consist,  with  the  exception  of  some  small  tertiary  basins, 
of  gneiss,  mica-schist,  altered  clay-slate,  granite,  green- 
stone and  syenite :  hence  the  coast  from  Tres  Montes 
to  Copiapo,  a  distance  of  1,200  miles,  and  I  have  reason 
to  believe  for  a  much  greater  space,  is  almost  similarly 
constituted. 

Near  Valparaiso  the  prevailing  rock  is  gneiss, 
generally  including  much  hornblende :  concretionary 
balls  formed  of  feldspar,  hornblende  and  mica,  from 
two  to  three  feet  in  diameter,  are  in  very  many  places 
conformably  enfolded  by  the  foliated  gneiss:  veins 
of  quartz  and  feldspar,  including  black  schorl  and  well- 
crystallised  epidote,  are  numerous.  Epidote  likewise 
occurs  in  the  gncisa  in  thin  layers,  parallel  to  the  folia- 
tion of  the  mass.  One  large  vein  of  a  coarse  granitic 
character  was  remarkable  firom  in  one  part  quite 
changing  its  character,  and  insensibly  passing  into  a 
blackish  porphyry,  including  acicular  crystals  of  glassy 
feldspar  and  of  hornblende :  I  have  never  seen  any  other 
such  case.' 

I  shall  in  the  few  following  remarks  on  the  rocks  of 
Chile  allude  exclusively  to  their  foliation  and  cleavage. 
In  the  gneiss  round  Valparaiso  the  strike  of  the  foliation 
IB  very  variable,  but  I  think  about  N.  by  W.  and  S,  by 

1  *  Gteolog.  Trans.'  toL  tL  pp.  602  and  617.  '  Jotunal  of  Be* 
■earches '  (2Dd  edit.)f  p.  307. 

■  Uomboldt  CPenonal  Nairative/ vol.  iv.  p.  60)  has  desc:ibed 
with  mach  sorpriae,  concretionary  balls,  with  concentric  divi>i«iiiti, 
composed  of  partially  vitreous  feldspar,  hornblende,  and  ?n*nes 
included  within  grpat  Teins  of  gneiss,  which  cnt  across  th  *  ndca* 
slate  near  Veneznela. 
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E.  is  the  commonest  direction ;  this  likewise  holds  good 
with  the  cleavage  of  the  -altered  feldspathic  clay-slates, 
occasionally  met  with  on  the  coast  for  ninety  miles  north 
of  Valparaiso.  Some  feldspathic  slate,  alternating  with 
strata  of  clay-stone  porphyry  in  the  Bell  of  Qoiilota 
and  at  Jajuel,  and  therefore,  perhaps,  belonging  to  a 
later  period  than  the  metamorphic  schists  on  the  coast, 
cleaved  in  this  same  direction.  In  the  eastern  Cordillera, 
in  the  Portillo  Pass,  there  is  a  grand  mass  of  mica- 
slate,  foliated  in  a  north  and  south  line,  and  with  a 
high  westerly  dip :  in  the  Uspallata  range,  clay-slate 
and  grauwacke  have  a  highly  inclined,  nearly  north  and 
south  cleavage,  though  in  some  parts  the  strike  is  irreg- 
ular :  in  the  main  or  Cumbre  range,  the  direction  of  the 
cleavage  in  the  feldspathic  clay-slate  is  NW.  and  SE. 

Between  Goquimbo  and  Guasco  there  are  two  con- 
siderable formations  of  mica-  slate,  in  one  of  which  the 
rock  passed  sometimes  into  common  clay-slate  and  some- 
times into  a  glossy  black  variety,  very  like  that  in  the 
Chonos  Archipelago.  The  folia  and  cleavage  of  these 
rocks  ranged  between  [N.  and  N W.  by  N.]  and  [S.  and 
SW.  by  S.]  Near  the  Port  of  Guasco  several  varieties 
of  altered  clay-slate  have  a  quite  irregular  cleavage. 
Between  Guasco  and  Copiapo,  there  are  some  siliceous 
and  talcaceous  slates  cleaving  in  a  north  and  so  nth  line, 
wirh  an  easterly  dip  of  between  60°  and  70° :  high  up, 
also,  the  main  valley  of  Copiapo,  there  is  mica-slate 
with  a  high  easterly  dip.  In  the  whole  space  between 
Valparaiso  and  Copiapo  an  easterly  dip  is  much  more 
common  than  an  opposite  or  westerly  one. 

Concluding  Remarks  on  Cleavage  and  Foliaiion. 

In  this  southern  part  of  the  Southern  Hemisphere, 
we  have  seen  that  the  cleavage-larninee  range  over  wide 
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areas  with  remarkable  uniformity,  catting  straight 
through  the  planes  of  stratification,^  but  yet  being 
parallel  in  strike  to  the  main  axes  of  elevation,  and 
generally  to  the  outlines  of  the  coast.  The  dip,  how- 
ever, is  as  variable,  both  in  angle  and  in  direction  (that 
is,  sometimes  being  inclined  to  the  one  side  and  some- 
times to  the  directly  opposite  side),  as  the  strike  is 
uniform.  In  all  these  respects  there  is  a  close  agree- 
ment with  the  facts  given  by  Professor  Sedgwick  in  his 
celebrated  memoir  in  the  ^  Gli3ological  Transactions,'  and 
by  Sir  B.  I.  Murchison  in  his  various  excellent  dis- 
cussions on  this  subject.  The  Falkland  Islands,  aud 
more  especially  Tierra  del  Fuego,  offer  striking  instances 
of  the  lines  of  cleavage,  the  principal  axes  of  elevation, 
and  the  ootlines  of  the  coast,  gradually  changing 
together  their  courses.  The  direction  which  prevails 
throughout  Tierra  del  Faego  and  the  Falkland  Islands, 
namely,  from  west  with  some  northing  to  east  with 
some  southing,  is  also  common  to  the  several  ridges  in 
northern  Patagonia  and  in  the  western  parts  of  Banda 
Oriental :  in  this  latter  province,  in  the  Sierra  Tapalguen, 
and  in  the  western  Falkland  Island,  the  W.  by  N.,  or 
WNW.  and  ESE.,  ridges,  are  crossed  at  right  angles  by 
others  ranging  NNE.  and  SSW. 

The  fact  of  the  cleavage-laminaB  in  the  clay-slate  of 
Tierra  del  Fuego,  where  seen  cutting  straight  through 
the  planes  of  stratification,  and  where  consequently 
there  could  be  no  doubt  about  their  nature,  differing 
slightly  in  colour,  texture,  and  hardness,  appears  to  me 
very  interesting.  In  a  thick  mass  of  laminated,  feld- 
spathic  and  altered  clay-slate,  interposed  between  two 

'  In  ray  paper  on  the  Falkland  Islands  (vol.  iii.  p.  267  •  Qoolog- 
Ical  Jonrnar),  I  have  ^ven  a  curious  case  on  the  authority  of  Capt. 
Sulivan,  R.N.,  of  much  f  »lded  beds  of  cUy-slate,  in  some  of  which  tbti 
cleavage  i&  perpendicular  to  the  horizon,  and  in  others  it  is  perpen- 
dicular to  each  curvature  or  fold  of  the  Wed  ;  this  appears  a  new  case. 
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great  strata  of  porphyritic  conglomerate  in  central 
Chile,  and  where  there  could  be  but  little  doubt  about 
the  bedding,  I  observed  similar  slight  differences  in  com- 
position, and  likewise  some  distinct  thin  layers  of 
epidote,  parallel  to  the  highly  inclined  cleavage  of  the 
mass.  Again,  I  incidentally  noticed  in  North  Wales,* 
where  glaciers  had  passed  over  the  truncated  edges  oi 
the  highly  inclined  laminaB  of  clay-slate,  that  the  surface, 
though  smooth,  was  worn  into  small  parallel  undula- 
tions, caused  by  the  component  laminss  being  of  slightly 
different  degrees  of  hardness.  With  reference  to  the 
slates  of  North  Wales,  Professor  Sedgwick  describes  the 
planes  of  cleavage,  as  '  coated  over  with  chlorite  and 
semi-crystalline  matter,  which  not  only  merely  define  the 
planes  in  question,  but  strike  in  parallel  flakes  through 
the  whole  mass  of  the  rock.'^  In  some  of  those  glossy 
and  hard  varieties  of  clay-slate  which  may  ofteu  be 
seen  passing  into  mica-schist,  it  has  appeared  to  me  that 
the  cleavage-planes  were  formed  of  excessively  thin, 
generally  slightly  convoluted,  folia,  composed  of  micro- 
scopically minute  scales  of  mica.  From  these  several 
facts,  and  more  especially  from  the  case  of  the  clay- 
slate  in  Tierra  del  Fuego,  it  must,  I  think,  be  con- 
cluded, that  the  same  power  which  has  impressed  on 
the  slate  its  fissile  structure  or  cleavage  has  tended 
to  modify  its  mineralogical  character  in  parsdiel 
planes. 

Let  us  now  turn  to  the  foliation  of  the  meta- 
morphic  schists,  a  subject  which  has  been  much  less 
attended  to.  As  in  the  case  of  cleavage-laminsd,  the 
folia  preserve  over  ^ery  large  areas  a  uniform  strike : 
thus  Humboldt '  found  for  a  distance  of  300  miles  in 

"  « London  Phli.  Mag.'  vol.  xxi.  p.  182. 

■  'Oeological  Trans.*  voL  iii.  p.  471. 

'  *  Penonal  Narrative,'  vol  vi.  p.  591,  et  saq 
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Venezuela,  and  indeed  over  a  mnch  larger  space,  gneiss, 
granite,  mica,  and  clay-slate,  striking  very  aniformly 
NE.  and  SW.,  and  dipping  at  an  angle  of  between  60^ 
and  70°  to  NW.:  it  would  even  appear  from  the  facts 
given  in  this  chapter,  that  the  metamorphic  rocks 
throughout  the  north-eastern  part  of  S.  America  are 
generally  foliated  within  two  points  of  NE.  and  SW. 
Over  the  eastern  parts  of  Banda  Oriental,  the  foliation 
strikes  with  a  high  inclination,  very  uniformly  NNE.  to 
SSW.,  and  over  the  western  parts,  in  a  W.  by  N.  and 
E.  by  S.  line.  For  a  space  of  300  miles  on  the  shores 
of  the  Chonos  and  Chiloe  Islands,  we  have  seen  that  the 
foliation  seldom  deviates  more  than  a  point  of  the  com- 
pass from  a  N.  19°  W.  and  S.  19°  E.  strike.  As  in  the 
case  of  cleavage,  the  angle  of  the  dip  in  foliated  rocks 
is  generally  high  but  variable,  and  alternates  from  one 
side  of  the  line  of  strike  to  the  other  side,  sometimes 
being  vertical :  in  the  northern  Chonos  Islands,  however, 
the  folia  are  inclined  almost  always  to  the  west;  in 
nearly  the  same  manner,  the  cleavage- laminaB  in 
southern  Tierra  del  Fuego  certainly  dip  mnch  more 
freqaently  to  SSW.  than  to  the  opposite  point.  In 
eastern  Banda  Oriental,  in  parts  of  Brazil,  and  in  some 
other  districts,  the  foliation  runs  in  the  same  direction 
with  the  mountain-ranges  and  adjoining  coast-lines: 
amongst  the  Chonos  Islands,  however,  this  coincidence 
fiuls,  and  I  have  given  my  reasons  for  saspecting 
that  one  granitic  axis  has  burst  through  and  tilted  the 
already  inclined  folia  of  mica-schist:  in  the  case  of 
cleavage,*  the  coincidence  between  its  strike  and  that 
of  the  main  stratification  seems  sometimes  to  fail. 
Foliation  and  cleavage  resemble  each  other  in  the  planes 
winding  round  concretions,  and  in  becoming  tortuous 

*  Cases  are  given  bj  Mr.  Jokes,  in  his '  Geology  of  Newfoundland,' 
p.  130. 
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where  veins  of  qaartz  abound.^  On  the  flanks  of  the 
monntains  both  in  Tierra  del  Fuego  and  in  other 
countries,  I  have  observed  that  the  cleavage-planes  fre- 
quently dip  at  a  high  angle  inwards ;  and  this  was  long 
ago  observed  by  Von  Buch  to  be  the  case  in  Norway : 
this  fact  is  perhaps  analogous  to  the  folded,  fan-like  or 
radiating  structure  in  the  metamorphic  schists  of  the 
Alps,*  in  which  the  folia  in  the  central  crests  are  vertical 
and  on  the  two  flanks  inclined  inwards.  Where  masses 
of  fissile  and  foliated  rocks  alternate  together,  the  cleav- 
age and  foliation,  in  all  cases  which  I  have  seen,  are 
parallel.  Where  in  one  district  the  rocks  are  fissile, 
and  in  another  adjoining  district  they  are  foliated,  the 
planes  of  cleavage  and  foliation  are  likewise  generally 
parallel:  this  is  the  case  with  the  feldspathic  homo- 
geneous slates  in  the  southern  part  of  the  Chonos  group, 
compared  with  the  fine  foliated  mica-schists  of  the 
northern  part;  so  again  the  clay-slate  of  the  whole 
eastern  side  of  Tierra  del  Fuego  cleaves  in  exactly  the 
same  line  with  the  foliated  gneiss  and  mica-slate  of  the 
western  coast;  other  analogous  instances  might  have 
been  adduced.' 

With  respect  to  the  origin  of  the  folia  of  quartz, 
mica,  feldspar,  and  other  minerals  composing  the  meta- 
morphic schists,  Professor  Sedgwick,  Mr.  Lyell  and 
most  authors  believe,  that  the  constituent  parts  of  each 
layer  were  separately  deposited  as  sediment,  and  then 

*  I  have  seen  in  Brazil  and  Chile  concretions  thus  enfolded  by 
foliated  gneiss;  and  Macculloch  ('Highlands/  toI.  l  p.  64)  has 
described  a  similar  case.  For  analogous  cases  in  clay-slate,  see 
Prof.  Henslow's  Blemoir  in  *  Cambridge  Phil.  Trans.'  vol.  i.  p.  379* 
and  Macculloch*R  *  Class,  of  Rocks/  p.  361.  With  respect  to  both 
foliation  and  cleavage  becoming  tortuous  where  quartjc- veins  abonnd, 
I  have  seen  instances  near  Monte  Video,  at  Concepcion,  and  in  the 
Chonos  Islands.  See  also  Mr.  Greenough*8  *  Critical  Examination,' 
p.  78. 

*  Stnder  in  *  Edin.  New  Phil.  JoumiU/  vol.  zxiii.  p.  144. 

'  I  have  given  a  case  in  A  us  lalia.  See  Chapter  VII.  of  thia 
work. 
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metamorphoaed.  This  view,  in  the  majority  of  cases,  I 
believe  to  be  quite  tmtenable.  In  those  not  nnoommon 
instances,  where  a  mass  of  clay-slate,  in  approaching 
granite,  gradually  passes  into  gneiss,*  we  clearly  see 
that  folia  of  distinct  minerals  can  originate  through  the 
metamorphosis  of  a  homogeneoos  fissile  rock.  The  de- 
position, it  may  be  remarked,  of  numberless  alternations 
of  pure  quartz,  and  of  the  elements  of  mica  or  feldspar, 
does  not  appear  a  probable  event.*  In  those  districts 
in  which  the  metamorphic  schists  are  foliated  in  planes 
parallel  to  the  cleavage  of  the  rocks  in  an  adjoining 
district;  are  we  to  believe  that  the  foUa  are  due  to 
sedimentary  layers,  whilst  the  cleavage-laminae,  though 
parallel,  have  no  relation  whatever  to  such  planes  of  * 
deposition  ?  On  this  view,  how  can  we  reconcile  the 
vastness  of  the  areas  over  which  the  strike  of  the  folia- 
tion is  aniform,  with  what  we  see  in  disturbed  districts 
composed  of  true  strata :  and  especially,  how  can  we 
anderstaud  the  high  and  even  vertical  dip  throughout 
many  wide  districts,  which  are 'not  mountainous,  and 
throughout  some,  as  in  western  Baoda  Oriental,  which 
are  not  even  hilly  ?  Are  we  to  admit  that  in  the 
northern  part  of  the  Chonos  Archipelago,  micanalate  was 
first  aocamulated  in  parallel  horizontal  folia  to  a  thick- 
ness of  about  four  geographical  miles,  and  then  upturned 
at  an  angle  of  forty  degrees ;  whilst,  in  the  southern 
part  of  this  same  archipelago,  the  cleavage-laminsB 
of  closely  allied  rocks,  which  none  would  imagine  had 
ever  been  horizontal,  dip  at  nearly  the  same  angle,  to 
nearly  the  same  point  ? 

Seeing,  then,  that  foliated  schists  indisputably  are 

'  I  havo  described  (in  Chapter  VIL  of  this  work)  a  good  instance 
of  snch  a  passage  at  the  Cape  of  Good  Hope. 

'  See  some  excellent  remarks  on  this  suhject,  in  D'Anbuisson*8 
' Traits  de  G6>g.*  tom.  i.  p.  247.  Also,  nome  remarks  by  Mr.  Dana 
in  Killimiin's  *  American  Joum.'  vol.  xlv.  p.  lOd. 
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Bomeiimes  produced  by  the  metamorphosis  of  homo- 
geneous fissile  rocks ;  seeing  that  foliation  and  cleavage 
are  so  closely  analogous  in  the  several  above-enumerated 
respects;  seeing  that  some  fissile  and  almost  homo- 
geneous rocks  show  incipient  mineralogical  changes 
^ong  the  planes  of  their  cleavage,  and  that  other  rocks 
with  a  fissile  structure  alternate  with,  and  pass  into 
varieties  with  a  foliated  structure,  I  cannot  doubt  that 
in  most  cases  foliation  and  cleavage  are  parts  of  the 
same  process :  in  cleavage  there  being  only  an  incipient 
separation  of  the  constituent  minerals ;  in  foliation  a 
much  more  complete  separation  and  crystallisation. 

The  fact,  often  referred  to  in  this  chapter,  of  the 
foliation  and  the  so-called  strata  in  the  metamorphic 
series — that  is,  the  alternating  masses  of  different 
varieties  of  gneiss,  mica-schist,  and  hornblende-slate, 
&c. — being  parallel  to  each  other,  at  first  appears  quite 
opposed  to  the  view  that  the  folia  have  no  relation  to 
the  planes  of  original  deposition.  Where  the  so-called 
beds  are  not  very  thick  and  of  widely  different  minera- 
logical composition  from  each  other,  I  do  not  think  that 
there  is  any  difficulty  in  supposing  that  they  have 
originated  in  an  analogous  manner  with  the  separate 
folia.  We  should  bear  in  mind  what  thick  strata, 
in  ordinary  sedimentary  masses,  have  obviously  been 
formed  by  a  concretionary  process.  In  a  pile  of  volcanic 
rocks  on  the  Island  of  Ascension,  there  are  strata,  dif* 
fering  quite  as  much  in  appearance  as  the  ordinary 
varieties  of  the  metamorphic  schists,  which  undoubtedly 
have  been  produced,  not  by  successive  flowings  of  lava, 
but  by  internal  molecular  changes.  Near  Monte  Video, 
where  the  stratification,  as  it  would  be  called,  of  the 
metamorphic  series  is,  in  most  parts,  particularly  well 
developed,  being  as  usual,  parallel  to  the  foliation,  we 
liave  seen  that  a  mass  of  chloritic  schist,  netted  with 
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quartz-veins,  is  entangled  in  gneiss,  in  such  a  manner  as 
to  show  that  it  had  certainly  originated  in  some  pro- 
cess of  segregation  :  again,  in  another  spot,  the  gneiss 
tended  to  pass  into  homblendic  schist  by  alternatin  f 
with  layers  of  quartz  ;  but  these  layers  of  quartz  aln  os  < 
certainly  had  never  been  separately  deposited,  for  they 
were  absolutely  continuous  with  the  numerous  intersect- 
ing veins  of  quartz.  I  have  never  had  an  opportunity  of 
tracing  for  any  distance,  along  the  line  both  of  strike 
and  of  dip,  the  so-called  beds  in  the  metamorphic 
schists,  but  I  strongly  suspect  that  they  would  not  be 
found  to  extend  with  the  same  character,  very  far  in  the 
line  either  of  their  dip  or  strike.  Hence  I  am  led  to 
believe,  that  most  of  the  so-called  beds  are  of  the  nature 
of  complex  folia,  and  have  not  been  separately  de- 
posited. Of  course,  this  view  cannot  be  extended  to 
thick  masses  included  in  the  metamorphic  series,  which 
are  of  totally  different  composition  from  the  adjoining 
schists,  and  which  are  far  extended,  as  is  sometimes  the 
case  with  quartz  and  marble ;  these  must  generally  be 
of  the  nature  of  true  strata.'  Such  strata,  however, 
will  almost  always  strike  in  the  same  direction  with  the 
folia,  owing  to  the  axes  of  elevation  being  in  most 
countries  parallel  to  the  strike  of  the  foliation;  but 
they  will  generally  dip  at  a  different  angle  from  that  of 
the  foliation ;  and  the  angle  of  the  foliation  in  itself 
almost  always  varies  much :  hence,  in  crossing  a  meta- 
morphosed schistose  district,  it  would  require  especial 
attention  to  discriminate  between  true  strata  of  depo- 
sition and  complex  foliated  masses.  The  mere  presence 
of  true  strata  in  the  midst  of  a  set  of  metamorphic 
schists,  is  no  argument  that  the  foliation  is  of  sedimen- 

'  Maocnlloch  states  (*  ClassificatioD  of  Bocks,*  p.  364)  that  prim- 
RT7  limestones  are  often  found  in  irregular  masses  or  great  nodules, 
*  which  can  scarcely  be  said  to  pobses^  a  stratified  shape.' 
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tary  origin,  without  it  be  further  shown  in  each  case, 
that  the  folia  not  only  strike,  but  dip  throughout  in 
parallel  planes  with  those  of  the  true  stratification. 

As  in  some  cases  it  appears  that  where  a  fissile  rock 
has  been  exposed  to  partial  metamorphic  action — for 
instance,  from  the  irruption  of  granite — the  foliation 
has  supervened  on  the  already  existing  cleavage-planes ; 
so  perhaps,  in  some  instances,  the  foliation  of  a  rock  may 
have  been  determined  by  the  original  planes  of  deposi- 
tion or  of  oblique  current-laminae:  I  have,  however, 
myself,  never  seen  such  a  case,  and  I  must  maintain  that 
in  most  extensive  metamorphic  areas,  the  foliation  is 
the  extreme  result  of  that  process,  of  which  cleavage 
is  the  first  effect.  That  foliation  may  arise  without  any 
previous  structural  arrangement  in  the  mass,  we  may 
infer  from  injected,  and  therefore  once  liquefied,  rocks, 
both  of  volcanic  and  plutonic  origin,  sometimes  having 
a  '  grain '  (as  expressed  by  Professor  Sedgwick),  and 
sometimes  being  composed  of  distinct  folia  or  laminse  of 
different  compositions.  In  the  earlier  chapters  of  the 
present  work,  I  have  given  several  instances  of  this  struc- 
ture in  volcanic  rocks,  and  it  is  not  uncommonly  seen  in 
plutonic  masses — thus,  in  the  Cordillera  of  Chile,  there 
are  gigantic  mountain-like  masses  of  red  granite,  which 
have  been  injected  whilst  liquefied,  and  which  neverthe- 
less, display  in  parts  a  decidedly  laminar  structure.^ 

Finally,  we  have  seen  that  the  planes  of  cleavage 
and  of  foliation — ^that  is,  of  the  incipient  process  and  of 
the  final  result — generally  strike  parallel  to  the  principal 

1  As  remarked  in  a  former  part  of  this  chapter,  I  suspect  that 
the  boldly  conical  mountains  of  gneiss-granite,  near  Rio  de  Janeiro, 
in  which  the  constituent  minerals  are  arranged  in  parallel  planes, 
are  of  intrusive  origin.  We  must  not,  however,  forget  the  lesson  of 
caution  taught  by  tbe  curious  clay-stone  porphyries  of  Port  Desire, 
in  which  we  have  seen  that  the  breaking  up  and  aggregation  of  a 
thinly  stratified  ttifaceous  mass,  has  yielded  a  rock  semi-porphyritio 
witli  cr3'8ta1scf  fbldspar, arranged  in  the  planes  of  original  deposition. 


CHAF.  xm.         Cleavage  and  Foliation,  469 

axes  of  elevation,  and  to  the  outline  of  the  land :  the 
strike  of  the  axes  of  elevation  (that  is,  of  the  lines  01 
fissures  with  the  strata  on  their  edges  upturned),  ac- 
cording to  the  reasoning  of  Mr.  Hopkins,  is  determined 
by  the  form  of  the  area  undergoing  changes  of  level, 
uud  the  consequent  direction  of  the  lines  of  tension  and 
fissure.  Now,  in  that  remarkable  pile  of  volcanic  rocks 
at  Ascension,  which  has  several  times  been  alluded  to 
(and  in  some  other  cases),  I  have  endeavoured  to  show,^ 
that  the  lamination  of  the  several  varieties,  and  their 
alternations,  have  been  caused  by  the  moving  mass,  just 
before  its  final  consolidation,  having  been  subjected  (as 
in  a  glacier)  to  planes  of  different  tension,  this  differ- 
ence in  the  tension  affecting  the  crystalline  and  concre- 
tionary processes.  One  of  the  varieties  of  rock  thus 
produced  at  Ascension,  at  first  sight,  singularly  resembles 
a  fine-grained  gneiss ;  it  consists  of  quite  straight  and 
parallel  zones  of  excessive  tenuity,  of  more  and  less 
coloured  crystallised  feldspar,  of  distinct  crystals  of 
quartz,  diopside,  and  oxide  of  iron.  These  considera- 
tions, notwithstanding  the  experiments  made  by  Mr. 
Fox,  showing  the  influence  of  electrical  currents  in  pro- 
ducing a  structure  like  that  of  Icleavage,  and  notwith- 
standing the  apparently  inexplicable  variation,  both  in 
the  inclination  of  the  cleavage-laminse  and  in  their  dip- 
ping first  to  one  side  and  then  to  the  other  side  of  the  line 
of  strike,  lead  me  to  suspect  that  the  planes  of  cleavage 
and  foliation  are  intimately  connected  with  the  planes 
of  different  tension,  to  which  the  area  was  long  sub- 
jected, afieT  the  main  fissures  or  axes  of  upheavement 
had  been  formed,  but  before  the  final  consolidation  of 
the  mass  and  the  total  cessation  of  all  molecular  move* 
ment. 

*  See  Chapter  III.  of  the  present  woik. 
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CHAPTER  XIV. 

CENTRAL  CHILE;   STRUCTURE  OF  THE  CORDILLERA. 

Central  Chile — Batal  forwationt  tf  the  Cordillera — Origin  of  the 
jhtr/fhyritic  elay-ttone  conglomerate — Andetite —  Volcanic  roekt — 
Section  of  the  CordlUera  by  tJie  Peuquenet  or  PortUlo  Paee^Oreat 
gyptemie  formation — Penqitenes  line;  thickness  rf  strata,  fossils  of 
— PortUlo  line,  eongloinerate,  orthitio  granite^  miea- schist,  and 
rolcanic  rocks  qf^Conclvding  remark*  on  thedenvdationandelero' 
tion  of  the  PortiUo  line — Section  hy  the  Cumhre  or  UspaVata  Pass 
— Porphyries — Oypseons  strata — Section  near  Puente  del  Inea  ; 
fossils  of— Great  subsidence — Intrusive  porphyries^— Plain  of  Us- 
jyallata — Section  of  tfie  Uspallata  chain — Structure  and  nature  of 
the  strata — SiUdfied  vertical  trees — Great  subsidence  -  Granitic 
rocks  of  axis — Concluding  remarks  on  the  Uspallata  range  ;  origin 
SHbsegnent  to  that  of  the  main  Cordillera  ;  two  periods  of  suhsid' 
cnce  ;  oompa/rison  with.the  PortiUo  chain. 

The  district  between  the  Cordillera  and  the  Pacific,  on 
a  rode  average,  is  from  about  eighty  to  one  hundred 
miles  in  width.  It  is  crossed  by  many  chains  of  moun- 
tains, of  which  the  principal  ones,  in  the  latitude  of 
Valparaiso  and  southward  of  it,  range  nearly  north  and 
south ;  but  in  the  more  northern  parts  of  the  province, 
they  run  in  almost  every  possible  direction.  Near  the 
Pacific,  the  mountain-ranges  are  generally  formed  of 
syenite  or  granite,  or  of  an  allied  enritic  porphyry  ;  in 
the  low  country,  besides  these  granitic  rocks  and  green- 
stone, and  much  gneiss,  there  are,  especially  northward 
of  Valparaiso,  some  considerable  districts  of  true  clay- 
slate  with  quartz  veins,  passing  into  a  feldspathic  and 
porphyritic  slate;   there  is  also  some  grauwacke  and 
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qnartzose  and  jaspery  rocks,  the  latter  occasionally 
assuming  the  character  of  the  basis  of  clay-stone  por- 
phyry :  trap-dikes  are  numerous.  Nearer  the  Cordillera 
the  ranges  (such  as  those  of  S.  Fernando,  the  Prado,^ 
and  Aconcagua)  are  formed  partly  of  granitic  rocks, 
and  partly  of  purple  porphyritic  conglomerates,  clay- 
stone  porphyry,  greenstone  porphyry,  and  other  rocks, 
such  as  we  shall  immediately  see  form  the  basal  strata 
of  the  main  Cordillera.  In  the  more  northern  parts  of 
Chile,  this  porphyritic  series  extends  over  large  tracts 
of  country  far  from  the  Cordillera ;  and  even  in  Central 
Chile  such  occasionally  occur  in. outlying  positions. 

I  will  describe  the  Campana  of  Qnillota,  which 
stands  only  fifteen  miles  from  the  Pacific,  as  an  instance 
of  one  of  these  outlying  masses.  This  hill  is  conspicuous 
from  rising  to  the  height  of  6,400  feet :  its  summit 
shows  a  nucleus,  uncovered  for  a  height  of  800  feet,  of 
fine  greenstone,  including  epidote  and  octahedral  mag- 
netic iron  ore;  its  flanks  are  formed  of  great  strata 
of  porphyritic  clay-stone  conglomerate,  associated  with 
various  true  porphyries  and  amygdaloids,  alternating 
with  thick  masses  of  a  highly  feldspathic,  sometimes 
porphyritic,  pale-coloured  slaty  rock,  with  its  cleavage- 
laminsB  dipping  inwards  at  a  high  angle.  At  the  base 
of  the  hill  there  are  syenites,  a  granular  mixture  of 
quartz  and  feldspar,  and  harsh  quartzose  rocks;  all  be- 
longing to  the  basal  metamorphic  series.  I  may  ob- 
serve that  at  the  foot  of  several  hills  of  this  class,  where 
the  porphyries  are  first  seen  (as  near  S.  Fernando,  the 
Prado,  Las  Vacas,  &c.),  similar  harsh  qnartzose  rocks 
and  granular  mixtures  of  quartz  and  feldspar  occur,  as 
if  the  more  fusible  constituent  parts  of  the  granitic 
series  had  been  drawn  off  to  form  the  overlying  por« 
phyries. 

>  M eyen,  *  Reise  am  Erde/  Th.  1»  8.  235, 
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In  Central  Chile,  the  flanks  of  the  main  Cordillera, 
into  which  I  penetrated  by  fonr  different  valleys,  gene- 
rally consist  of  distinctly  stratified  rocks.  The  strata 
are  inclined  at  angles  varying  from  sometimes  even 
under  ten,  to  twenty  degrees,  very  rarely  exceeding 
forty  degrees:  in  some,  however,  of  the  qnite  small, 
exterior,  spmvlike  ridges,  the  inclination  was  not  nnfre- 
qnently  greater.  The  dip  of  the  strata  in  the  main 
outer  lines  was  usually  outwards  or  from  the  Cordillera, 
but  in  Northern  Chile  frequently  inwards, — that  is, 
their  basset^edges  fronted  the  Pacific.  Dikes  occur  in 
extraordinary  numbers.  In  the  great,  central,  loftiest 
ridges,  the  strata,  as  we  shall  presently  see,  are  almost 
always  highly  inclined  and  often  vertical.  Before  giving 
a  detailed  account  of  my  two  sections  across  the  Cor- 
dillera, it  will,  I  think,  be  convenient  to  describe  the 
basal  strata  as  seen,  oft^n  to  a  thickness  of  4,000  or 
5,000  feet,  on  the  flanks  of  the  outer  lines. 

jBo^oZ  Strata  of  ths  Cordillera.  —  The  prevailing 
rock  is  a  purplish  or  greenish,  porphyritic  clay-stone 
conglomerate.  The  embedded  fragments  vary  in  size 
from  mere  particles  to  blocks  as  much  as  six  or  eight 
inches  (rarely  tnore)  in  diameter ;  in  many  places,  where 
the  fivigments  were  minute,  the  signs  of  aqueous  depo- 
sition were  unequivocally  distinct;  where  they  were 
large,  such  evidence  could  rarely  be  detected.  The 
basis  is  generally  porphyritic  with  perfect  crystals  of 
feldspar,  and  resembles  that  of  a  true  injected  clay- 
stone  porphyry:  often,  however,  it  has  a  mechanical 
or  sedimentary  aspect,  and  sometimes  (as  at  Jajuel)  is 
jaspery.  The  included  fi-agments  are  either  angular, 
or  partially  or  quite  rounded;^   in   some  parts  the 

I  Some  of  the  rounded  fragments  in  the  porphyritic  conglomerate 
near  the  Baths  of  Caoqaenes,  were  marked  with  radii  and  ooncentite 
tones  of  different  shades  of  oolonr  t  any  one  who  did  not  know  that 
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rounded,  in  others  the  angular,  firagmentB  prevail,  and 
nfiually  both  kinds  are  mixed  together :  hence  the  word 
hrecda  ought  strictly  to  be  appended  to  the  term  por- 
phyriUc  conglomerate.  The  fragments  consist  of  many 
varieties  of  clay-stona  porphyry,  usually  of  nearly 
the  same  colour  with  the  surrounding  basis,  namely, 
purplish-reddish,  brownish,  mottled  or  bright  green; 
occasionally  fragments  of  a  laminated,  pale-coloured, 
feldspathiq  rock,  like  altered  clay-slate,  are  included ; 
as  are  sometimes  grains  of  quartz ;  but  only  in  one  in- 
stance in  Central  Chile  (namely,  at  the  mines  of  Jajuel) 
a  few  pebbles  of  quartz.  I  nowhere  observed  mica  in 
this  formation,  and  rarely  hornblende ;  where  the  latter 
mineral  did  occur,  I  was  generally  in  doubt  whether 
the  mass  really  belonged  to  this  formation,  or  was  of 
intrusive  origin.  Calcareous  spar  occasionally  occurs 
in  small  cavities ;  and  nests  and  layers  of  epidote  are 
common.  In  some  few  places  in  the  finer-grained 
varieties  (for  instance,  at  Quillota),  there  were  short, 
interrupted  layers  of  earthy  feldspar,  which  could  be 
traced,  exactly  as  at  Port  Desire,  parsing  into  large 
crystals  of  feldspar :  I  doubt,  however,  whether  in  this 
instance  the  layers  had  ever  been  separately  deposited 
as  tufaceous  sediment. 

All  the  varieties  of  porphyritic  conglomerates  and 
breccias  pass  into  each  other,  and  by  innumerable 
gradations  into  porphyries  no  longer  retaining  the  least 
trace  of  mechanical  origin:  the  transition  appears  to 
have  been  effected  much  more  easily  in  the  finer-grained, 
than  in  the  coarser-grained  varieties.  In  one  instance, 
near  Cauquenes,  I  noticed  that  a  porphyritic  conglo- 

pcbbles — for  instance,  flint  pebbles  from  the  chalk— are  sometimes 
Eoned  concentrically  with  their  worn  and  rounded  surfaces,  mi^ht 
hare  been  led  to  infer  that  these  balls  of  porphyry  were  not  true 
pebbles,  but  bad  originated  in  concretionary  action. 
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merate  assumed  a  spheroidal  stracture,  and  tended  to 
become  colamnar.  Besides  the  porphyritic  conglomerates 
and  the  perfectly  characterised  porphj^es  of  meta- 
morphic  origin,  there  are  other  porphyries  which, 
though  differing  not  at  all  or  only  slightly  in  composi- 
tion, certainly  have  had  a  different  origin  :  these  consist 
of  pink  or  purple  clay-stone  porphyries,  sometimes 
including  grains  of  quartz,— of  greenstone  porphyry, 
and  of  other  dusky  rocks,  all  generally  porphyritic  with 
fine,  large,  tabular,  opaque  crystals,  often  placed  cross- 
wise, of  feldspar  cleaving  like  albifce  (judging  from 
several  measurements),  and  often  amygdaloidal  with 
silex,  agate,  carbonate  of  lime,  green  and  brown  bole.' 
These  several  porphyritic  and  amygdaloidal  varieties 

'  This  bole  is  a  very  common  mineral  in  the  amygdaloidal  rocks; 
it  is  generally  of  a  gpreenish-brown  colour,  with  a  radiating  strocture; 
externally  it  is  black  with  an  almost  metallic  lostre,  but  often 
coated  by  a  bright  green  film.  It  is  soft  and  can  be  scratched  by  a 
qaUl ;  nnder  the  blowpipe  swells  greatly  and  becomes  scaly,  then 
fuses  easily  into  a  black  magnetic  bead.  This  substance  is  evident  ly 
similar  to  that  which  often  occurs  in  submarine  volcanic  rocks. 
An  examination  of  some  very  curious  specimens  of  a  fine  porphyry 
(from  Jajuel)  leads  me  to  suspect  that  some  of  these  amygdaloidal 
balls,  instead  of  having  been  deposit-ed  in  pre-existing  air-vesicles, 
are  of  concretionary  origin ;  for  in  these  specimens,  some  of  the 
pea-shaped  little  masses  (often  externally  marked  with  minute  pits) 
are  formed  of  a  mixture  of  gpreen  earth  with  stony  matter,  like  the 
bftfis  of  the  porphyry,  including  minute  imperfect  crystals  of  feldspar ; 
and  these  pea-shaped  little  masses  are  themselves  amygdaloidal  with 
minute  spheres  of  the  green  earth,  each  enveloped  by  a  film  of  white, 
apparently  feldspathto,  earthy  matter :  so  that  the  porphyry  is  doubly 
amygdaloidal.  It  should  not,  however,  be  overiooked,  that  all  the 
strata  here  have  undergone  metamorphic  action,  wliich  may  h'tve 
caused  crystals  of  feldspar  to  appear,  and  other  changes  to  be 
effected,  in  the  originally  simple  amygdaloidal  balls.  Mr.  J.  D. 
Dana,  in  an  excellent  paper  on  Trap  rocks  (*  Edin.  New  Phil.  Journ.* 
vol.  xli.  p.  198),  has  argued,  with  great  force,  that  all  amygdaloidal 
minerals  have  been  deposited  by  aqueous  infiltration.  I  may  take 
this  opportunity  of  alluding  to  a  curious  case,  described  in  Chapter 
11.  of  the  present  work,  of  an  amygdaloidal  rock,  with  many  of  the 
cells  only  half  filled  up  with  a  mesotypic  mineral. 

M.  Rose  has  described  an  amygdaloid,  brought  by  Dr.  Heyen 
(*Reise  um  Erde,'  Th.  1,  S.  316)  from  Chile,  as  consisting  of  crystall- 
ised qnartz,  with  crystals  of  stilbite  within,  and  lined  externally  by 
green  earth. 


csLk2.jiY,Porphyritic  Clay  stone  Conglomerate.  475 

never  show  any  signs  of  passing  into  masses  of  sedi- 
mentary origin :  they  occur  both  in  great  and  small 
intmsive  masses,  and  likewise  in  strata  alternating  with 
those  of  the  porphyritic  conglomerate,  and  with  the 
planes  of  janction  often  quite  distinct,  yet  not  seldom 
blended  together.  In  some  of  these  intrusive  masses, 
the  porphyries  exhibit,  more  or  less  plainly,  a  brecciated 
structure,  like  that  often  seen  in  volcanic  masses.  These 
brecciated  porphyries  could  generally  be  distinguished 
at  once  from  the  metamorphosed,  porphyritic  breccia- 
conglomerates,  by  all  the  fragments  being  angular  and 
being  formed  of  the  same  variety,  and  by  the  absence 
of  every  trace  of  aqueous  deposition.  One  of  the  por- 
phyries above  specified,  namely,  the  greenstone  porphyry 
with  large  tabular  crystals  of  albite,  is  particularly 
abundant,  and  in  some  parts  of  the  Cordillera  (as  near 
St.  Jago)  seemed  more  common  even  than  the  purplish 
porphyritic  conglomerate.  Numerous  dikes  likewise 
consist  of  this  greenstone  porphyry ;  others  are  formed 
of  various  fine-grained  trappean  rocks ;  but  very  few 
of  clay  stone  porphyry  :  I  saw  no  true  basaltic  dikes. 

In  several  places  in  the  lower  part  of  the  series,  but 
not  everywhere,  thick  masses  of  a  highly  fcldspathic, 
often  porphyritic,  slaty  rock  occur  interstratified  with 
the  porphyritic  conglomerate:  I  believe  in  one  or  two 
cases  blackish  limestone  has  been  found  in  a  similar 
position.  The  feldspathic  rock  is  of  a  pale  grey  or 
greenish  colour ;  it  is  easily  fusible ;  where  porphyritic, 
the  crystals  of  feldspar  are  generally  small  and  vitreous ; 
it  is  distinctly  laminated,  and  sometimes  includes 
parallel  layers  of  epidote ; '  the  lamination  appears  to 

*  This  mineral  is  extremely  common  in  all  the  formations  of  Chile ; 
in  the  gneiss  near  Valparaiso  and  in  the  granitic  veins  crossing  it,  in 
the  injected  .greenstone  crowning  the  C.of  QniUota,  in  some  granitic 
porphyries,  in  the  porphj  ritic  conglomeiatCt  and  in  the  fcldspathic 
day-slates. 
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be  distinct  from  stratification.  Occasionally  this  rock 
is  somewhat  carious ;  and  at  one  spot,  namely,  at  the 
C.  of  Qnillota,  it  had  a  brecciated  structure.  Near  the 
mines  of  Jajuel,  in  a  thick  stratum  of  this  feldspathic, 
porphyritic  slate,  there  was  a  layer  of  hard,  blackish, 
siliceous,  infusible,  compact  clay-slate,  such  as  I  saw 
nowhere  else :  at  the  same  place  I  was  able  to  follow 
for  a  considerable  distance  the  junction  between  the  slate 
and  the  conformably  underlying  porphyritic  conglo- 
merate, and  they  certainly  passed  gradually  into  each 
other.  Whereyer  these  slaty  feldspathic  rocks  abound, 
greenstone  seems  common ;  at  the  G.  of  Quillota  a  bed 
of  well-crystallised  greenstone  lay  conformably  in  the 
midst  of  the  feldspathic  slate,  with  the  upper  and.  lower 
junctions  passing  insensibly  into  it.  From  this  fact, 
and  from  the  frequently  porphyritic  condition  of  the 
slate,  I  should  perhaps  have  considered  this  rock  as  an 
erupted  one  (like  certain  laminated  feldspathic  lavas 
in  the  trachytic  series),  had  I  not  seen  in  T.  del  Fuego 
how  readily  true  clay-slate  becomes  feldspathic  and 
porphyritic,  and  had  I  not  seen  at  Jajuel  the  included 
layer  of  black,  siliceous  clay-slate,  which  no  one  could 
have  thought  of  igneous  origin.  The  gentle  passage 
of  the  feldspathic  slate,  at  J^uel,  into  the  porphyritic 
conglomerate,  which  is  certainly  of  aqueous  origin, 
should  also  be  taken  into  account. 

The  alternating  strata  of  porphyries  and  porphyritic 
conglomerate,  and  with  the  occasionally  included  beds 
of  feldspathic  slate,  together  make  a  grand  formation*; 
in  several  places  within  the  Cordillera  I  estimated  its 
thickness  at  from  6,000  to  7,000  feet.  It  extends  for 
many  hundred  miles,  forming  the  western  flank  of  the 
Chilian  Cordillera ;  and  even  at  Iquique  in  Pern,  850 
miles  north  of  the  southernmost  point  examined  by  me 
in  Chile,  the  coast-escarpment,  which  rises  to  a  height 
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of  between  2,000  and  3,000  feet,  is  thus  composed.  In 
several  parts  of  Northern  Chile  this  formation  extends 
much  farther  towards  the  Pacific,  oyer  the  granitic  and 
metamorphic  lower  rocks,  than  it  does  in  Central  Chile ; 
but  the  main  Cordillera  may  be  considered  as  its  cen- 
tral line,  and  its  breadth  in  an  east  and  west  direction 
is  never  great.  At  first  the  origin  of  this  thick,  mass- 
ive, long  but  narrow  formation,  appeared  to  me  very 
anomalous:  whence  were  derived,  and  how  were  dis- 
persed  the  innumerable  fragments,  often  of  large  size, 
sometimes  angular  and  sometimes  rounded,  and  almost 
invariably  composed  of  porphyritic  rocks  ?  Seeing  that 
the  interstratified  porphyries  are  never  vesicular  and 
often  not  even  amygdaloidal,  we  must  conclude  that  the 
pile  was  formed  in  deep  water ;  how  then  came  so  many 
fragments  to  be  well  rounded  and  so  many  to  remain 
angular,  sometimes  the  two  kinds  being  equally  mingled, 
sometimes  one  and  sometimes  the  other  preponder- 
ating? That  the  clay-stone,  greenstone,  and  other 
porphyries  and  amygdaloids,  which  lie  conformahly  be- 
tween the  beds  of  conglomerate,  are  ancient  submarine 
lavas,  I  think  there  can  be  no  doubt ;  and  I  believe  we 
must  look  to  the  craters  whence  these  streams  were 
erupted,  as  the  source  of  the  breccia-conglomerate: 
after  a  great  explosion,  we  may  fairly  imagine  that 
the  water  in  the  heated  and  scarcely  quiescent  crater 
would  remain  for  a  considerable  time^  sufficiently 
agitated  to  triturate  and  round  the  loose  fragments 
lying  within  it :  these  rounded  fragments,  few  or  many 
in  number,  would  be  shot  forth  at  the  next  eruption, 
associated  with  a  few  or  many  angular  fragments,  ac- 
cording to  the  strength  of  the  explosion.    The  porphyr- 

'  This  certainly  seems  to  have  taken  place  in  some  recent  volcanic 
irchipelagos,  as  at  the  Galapagos,  where  numerous  craters  are  ezclus' 
ively  formed  of  toff  and  fragments  of  lava. 
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itic  conglomerate  being  purple  or  reddish,  even  when 
alternating  with  dusky-coloured  or  bright  green  por- 
phyries and  amygdaloids,  is  probably  an  analogous 
circumstance  to  the  scorisB  of  the  blackish  basalts  be- 
ing often  bright  red.  The  ancient  submarine  orifices 
whence  the  porphyries  and  their  fragments  were  ejected 
having  been  arranged  in  a  band,  like  most  still  active 
Tolcanos,  accounts  for  the  thickness,  the  narrowness,  and 
linear  extension,  of  this  formation. 

This  whole  great  pile  of  rock  has  suffered  much 
metamorphic  action,  as  is  very  obvious  in  the  gradual 
formation  and  appearance  of  the  crystals  of  albitic 
feldspar  and  of  epidote — in  the  blending  together 
of  the  fragments — in  the  appearance  of  a  lami- 
nated structure  in  the  feldspathic  slate — and,  lastly, 
in  the  disappearance  of  the  planes  of  stratification, 
which  could  sometimes  be  seen  on  the  same  mountain 
quite  distinct  in  the  upper  part,  less  and  less  plain  on 
the  flanks,  and  quite  obliterated  at  the  base.  Partly 
owing  to  this  metamorphic  action,  and  partly  to  the 
close  relationship  in  origin,  I  have  seen  fragments  of 
porphyries — ^taken  from  a  metamorphosed  conglomerate 
— from  a  neighbouring  stream  of  lava — from  the  nucleus 
or  centre  (as  it  appeared  to  me)  of  the  whole  submarine 
volcano — and  lastly  from  an  intrusive  mass  of  quite 
subsequent  origin,  all  of  which  were  absolutely  undis* 
tinguishable  in  external  characters. 

One  other  rock,  of  plutonic  origin,  and  highly  im- 
portant in  the  history  of  the  Cordillera,  from  having 
been  injected  in  most  of  the  great  axes  of  elevation,  and 
from  having  apparently  been  instrumental  in  meta- 
morphosing the  superincumbent  strata,  may  be  con- 
veniently described  in  this  preliminary  discussion.  It 
has  been  called  by  some  authors  Andesite :  it  mainly 
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consiets  of  well-crystallised  white  albite  ^  (as  determined 
with  the  goniometer  in  numerous  specimens  both  by 
Professor  Miller  and  myself),  of  less  perfectly  crystall- 
ised green  hornblende,  often  associated  with  much 
mica,  with  chlorite  and  epidote,  and  occasionally  with 
a  few  grains  of  quartz :  in  one  instance  in  Northern 
Chile,  I  found  crystals  of  orthitic  or  potash  feldspar, 
mingled  with  those  of  albite.  Where  the  mica  and 
quartz  are  abundant,  the  rock  cannot  be  distinguished 
from  granite ;  and  it  may  be  called  andesitic  granite. 
Where  these  two  minerals  are  quite  absent,  and  when, 
as  often  then  happens,  the  crystals  of  albite  are  imper- 
fect and  blend  together,  the  rock  may  be  called  andes- 
itic porphyry,  which  bears  nearly  the  same  relation  to 
andesitic  granite  that  euritic  porphyry  does  to  common 
granite.  These  andesitic  rocks  form  mountain  masses 
of  a  white  colour,  which,  in  their  general  outline  and 
appearance — in  their  joints — ^in  their  occasionally  in- 
cluding dark-coloured,  angular  fragments,  apparently  of 
some  pre-existing  rock — and  in  the  great  dikes  branch- 
ing from  them  into  the  superincumbent  strata,  manifest 
a  close  and  striking  resemblance  to  masses  of  common 
granite  and  syenite :  I  never,  however,  saw  in  these 
andesitic  rocks,  those  granitic  veins  of  segregation 
which  are  so  common  in  true  granites.  We  have  seen 
that  andesite  occurs  in  three  places  in  Tierra  del  Fnego ; 
in  Chile,  from  St.  Fernando  to  Copiapo,  a  distance  of 

'  I  here,  and  elsewhere,  call  by  thia  name,  those  feldspathic  mine- 
rals which  cleave  like  albite  :  bat  it  now  appears  (*  Rdin.  New  Phil. 
Joum.'  vol.  zziv.  p.  181)  that  Abich  has  analysed  a  mineral  from  the 
Cordillera,  associated  with  hornblende  and  quartz  (probably  the  same 
rock  with  that  here  under  discussion),  which  deaves  like  albite,  but 
which  is  a  new  and  distinct  kind,  called  by  him  AnAt^i'M,  It  is 
allied  to  leucite,  with  the  greater  proportion  of  its  potash  replaced  by 
lime  and  soda.  This  mineral  seems  scarcely  distinguishable  from 
albite,  except  by  analysis. 
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450  miles,  I  fonnd  it  under  most  of  the  axes  of  elevation ; 
in  a  collection  of  specimens  from  the  Cordillera  of  lima 
in* Peru,  I  immediately  recognised  it;  and  Erman^ 
states  that  it  occars  in  eastern  Kamtschatka.  From 
its  wide  range,  and  from  the  important  paHi  it  has 
played  in  the  history  of  the  Cordillera,  I  think  this 
rock  has  well  deserved  its  distinct  name  of  andesite. 

The  few  still  active  volcanos  in  Chile  are  confined 
to  the  central  and  loftiest  ranges  of  the  Cordillera ;  and 
volcanic  matter,  snch  as  appears  to  have  been  of  snb- 
a^rial  eruption,  is  everywhere  rare.  According  to 
Meyen,'  there  is  a  hill  of  pumice  high  up  the  valley 
of  the  Maypn,  and  likewise  a  trachytic  formation  at 
Colina,  a  village  situated  north  of  St.  Jago.  Close  to 
this  latter  city,  there  are  two  hills  formed  of  a  pale 
feldspathic  porphyry,  remarkable  from  beiug  doubly 
columnar,  great  cylindrical  columns  being  subdivided 
into  smaller  four  or  five  sided  ones ;  and  a  third  hillock 
(Cerro  Blanco)  is  formed  of  a  fragmentary  mass  of 
rock,  which  I  believe  to  be  of  volcanic  origin,  inter- 
mediate in  character  between  the  above  feldspathic 
porphyry  and  common  trachytie,  and  containing  needles 
of  hornblende  and  granular  oxide  of  iron.  Near  the 
Baths  of  Cauqnenes,  between  two  short  parallel  lines  of 
elevation,  where  they  are  intersected  by  the  valley,  there 
is  a  small,  though  distinct  volcanic  district ;  the  rock 
is  a  ^ark  grey  (andesitic)  trachyte,  which  fuses  into  a 
greenish-grey  bead,  and  is  formed  of  long  crystals  of 
fractured  glassy  albite  (judging  from  one  measurement) 
mingled  with  well-formed  crystals,  often  twin,  of  angite. 
The  whole  mass  is  vesicular,  but  the  surface  is  darker 
coloured  and  much  more  vefdcnlar  than  any  other  part. 
This  trachyte  forms  a  cliff-bounded,  horizontal,  narrow 

*  Qeograph.  Jonnntl,*  vol  ix.  p.  610. 
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strip  on  the  steep  southern  side  of  the  valley,  at  the 
height  of  400  or  500  feet  above  the  river-bed ;  judging 
from  an  apparently  corresponding  line  of  cliff  on  the 
Dorthem  side,  the  valley  must  once  have  been  filled  up 
to  this  height  by  a  field  of  lava.  On  the  summit  of  a 
lofty  mountain  some  leagues  higher  up  this  same  valley 
of  the  Gachapual,  I  found  columnar  pitchstone  porphy- 
ritic  with  feldspar ;  I  do  not  suppose  this  rock  to  be 
of  volcanic  origin,  and  only  mention  it  here,  from  its 
being  intersected  by  masses  and  dikes  of  a  vesicular 
rock,  approaching  in  character  to  trachyte ;  in  no  other 
part  of  Chile  did  I  observe  vesicular  or  amygdaloidal 
dikes,  though  these  are  so  common  in  ordinary  volcanic 
districts. 


Passage  of  the  Andes  by  the  PortiUo  or  Petiqvenes 

Pass. 

Although  I  crossed  the  Cordillera  only  once  by  this 
pass,  and  only  once  by  that  of  the  Cumbre  or  Uspallata 
(presently  to  be  described),  riding  slowly  and  halting 
occasionally  to  ascend  the  mountains,  there  are  many 
circumstances  favourable  to  obtaining  a  more  fitithfui 
sketch  of  their  structure  than  would  at  first  be  thought 
possible  from  so  short  an  examination.  The  mountains 
are  steep  and  absolutely  bare  of  vegetation ;  the  atmo- 
sphere is  resplendently clear;  the  stratification  distinct; 
and  the  rocks  brightly  and  variously  coloured :  some  of 
the  natural  sections  might  be  truly  compared  for  dis* 
tinctness  to  those  coloured  ones  in  geological  works. 
Considering  how  little  is  known  of  the  structure  of  this 
gigantic  range,  to  which  I  particularly  attended,  most 
travellers  having  collected  only  specimens  of  the  rocks, 
I  think  my  sketch-sections,  though  necessarily  imper- 
fect, possess  some  interest.   The  section  given  in  Plate  L 
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fig.  1,  which  1  will  now  describe  in  detail,  is  on  a 
horizontal  scale  of  a  third  of  an  inch  to  a  nautical  mile, 
and  on  a  vertical  scale  of  one  inch  to  a  mile  or  6,000 
feet.  The  width  of  the  range  (exclading  a  few  out- 
lying hillocks),  from  the  plain  on  which  St.  Jago  the 
capital  of  Chile  stands,  to  the  Pampas,  is  sixty  miles,  as 
far  as  I  can  judge  from  the  maps,  which  difier  from  each 
other  and  are  all  exceedingly  imperfect.  The  St.  Jago 
plain  at  the  month  of  the  Maypu,  I  estimate  from  ad- 
joining kuown  points  at  2,300  feet,  and  the  Pampas  at 
3,500  feet,  both  above  the  level  of  the  sea.  The  height 
of  the  Peuquenes  line,  according  to  Dr.  Gillies,^  is 
13,210  feet;  and  that  of  the  Portillo  line  (both  in  the 
gaps  where  the  road  crosses  them)  is  14,345  feet ;  the 
lowest  part  of  the  intermediate  valley  of  Tenuyan  is 
7,530  feet — all  above  the  level  of  the  sea. 

The  Cordillera  here,  and  indeed  I  believe  throughout 
Chile,  consist  of  several  parallel,  anticlinal  and  uniclinal 
mountain-lines,  ranging  north,  or  north  with  a  little 
westing,  and  south.  Some  exterior  and  much  lower 
ridges  often  vary  considerably  from  this  course,  pro* 
jecting  like  obUque  spurs  from  the  main  ranges :  in 
the  district  towards  the  Pacific,  the  mountains,  as  be- 
fore remarked,  extend  in  various  directions,  even  east 
and  west.  In  the  main  exterior  lines,  the  strata,  as  also 
before  remarked,  are  seldom  inclined  at  a  high  angle ; 
but  in  the  central  lofty  ridges  they  are  almost  always 
highly  inclined,  broken  by  many  great  faults,  and  often 
vertical.  As  far  as  I  could  judge,  few  of  the  ranges  are 
of  great  length :  and  in  the  central  parts  of  the  Cor- 
dillera, I  was  frequently  able  to  follow  with  my  eye  a 
ridge  gradually  becoming  higher  and  higher,  as  the 
stratification  increased  in  inclination,  from  one  end 
where  its  height  was  trifling  and  its  strata  gently  inclined 

I  *  Joomnl  of  Kat.  and  Geograph.  Science,*  August,  1 S30. 
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to  the  other  end  where  vertical  strata  formed  snow-clad 
pinnacles.  Even  outside  the  main  Cordillera,  near  the 
baths  of  Cauquenes,  I  observed  one  such  case,  where  a 
north  and  south  ridge  had  its  strata  in  the  valley  in- 
clined at  37°,  and  less  than  a  mile  south  of  it  at  67°: 
another  parallel  and  similarly  inclined  ridge  rose  at  the 
distance  of  about  five  miles,  into  a  lofly  mountain  with 
absolutely  vertical  strata.  Within  the  Cordillera,  the 
height  of  the  ridges  and  the  inclination  of  the  strata 
often  became  doubled  and  trebled  in  much  shorter  dis- 
tances than  five  miles :  this  peculiar  form  of  upheaval 
probably  indicates  that  the  stratified  crust  was  thin, 
and  hence  yielded  to  the  underlying  intrusive  masses 
unequally,  at  certain  points  on  the  lines  of  fissure. 

The  valleys,  by  which  the  Cordillera  are  drained, 
follow  the  anticlinal  or  rarely  synclinal  troughs,  which 
deviate  most  from  the  usual  north  and  south  course ;  or 
still  more  commonly  those  lines  of  faults  or  of  unequal 
curvature  (that  is,  lines  vrith  the  strata  on  both  hands 
dipping  in  the  same  direction,  but  at  a  somewhat 
different  angle)  which  deviate  most  from  a  northerly 
course.  Occasionally  the  torrents  run  for  some  distance 
in  the  north  and  south  valleys,  and  then  recover  their 
eastern  or  western  course  by  bursting  through  the  ranges 
at  those  points  where  the  strata  have  been  least  inclined 
and  the  height  consequently  is  less.  Hence  the  valleys, 
along  which  the  roads  run,  are  generally  zigzag ;  and, 
in  drawing  an  east  and  west  section,  it  is  necessary  to 
contract  greatly  that  which  is  actually  seen  on  the  road. 

Commencing  at  the  western  end  of  the  coloured 
section  [Plate  I.]  where  the  R.  Maypu  debouches  on  the 
plain  of  St.  Jago,  we  immediately  enter  on  the  por- 
phyritic  conglomerate  formation,  and  in  the  midst  of 
it  find  some  hummocks  [A]  of  granite  and  syenite^ 
which  probably  (for  I  neglected  to  collect  specimens) 

82 
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belong  to  the  andesitic  class.  These  are  succeeded  by 
some  rugged  hills  [B]  of  dark-green,  crystalline,  feld- 
spathic  and  in  some  parts  slaty  rocks,  which  I  be- 
lieve belong  to  the  altered  clay-slate  formation.  From 
this  point,  great  mountains  of  purplish  and  greenish, 
generally  thinly  stratified,  highly  porphyritic  conglo- 
merates, including  many  strata  of  amygdaloidal  and 
greenstone  porphyries,  extend  up  the  valley  to  the 
junction  of  the  rivers  Yeso  and  Volcan.  As  the  valley 
here  runs  in  a  very  southerly  course,  the  width  of  the 
porphyritic  conglomerate  formation  is  quite  conjectural ; 
and  from  the  same  cause,  I  was  unable  to  make  out 
much  about  the  stratification.  In  most  of  the  exterior 
mountains  the  dip  was  gentle  and  directed  inwards; 
and  at  only  one  spot  I  observed  an  inclination  as  high 
as  50°.  Near  the  junction  of  the  R.  Colorado  with  the 
main  stream,  there  is  a  hill  of  whitish,  brecciated, 
partially  decomposed  feldspathic  porphyry,  having  a 
volcanic  aspect  but  not  being  really  of  that  nature :  at 
Tolla,  however,  in  this  valley,  Dr.  Meyen  *  met  with  a 
hill  of  pumice  containing  mica.  At  the  junction  of 
the  Yeso  and  Volcan  [D]  there  is  an  extensive  mass,  in 
white  conical  hillocks,  of  andesite,  containing  some 
mica,  and  passing  either  into  andesitic  granite,  or  into 
a  spotted,  semi-granular  mixture  of  albitic  (?)  feldspar 
and  hornblende:  in  the  midst  of  this  formation  Dr. 
Meyen  found  true  trachyte.  The  andesite  is  covered 
by  strata  of  dark-coloured,  crystalline,  obscurely  por- 
phyritic rocks,  and  above  them  by  the  ordinary  por- 
phyritic conglomerates, — ^the  strata  all  dipping  away  at 
a  small  angle  from  the  underlying  mass.  The  surround- 
ing loA^y  moontaina  appear  to  be  entirely  composed 
of  the  porphyritic  conglomerate,  and  I  estimated  ita 
thickness  here  at  between  6,000  and  7,000  feet. 

J  <  BdM  am  Erde/  Tb.  1*  8S.  338.  811. 
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Beyond  the  junction  of  the  Yeso  and  Volcan,  the 
porphyiitic  strata  appear  to  dip  towards  the  hillocks  of 
andesite  at  an  angle  of  40° ;  bat  at  some  distant  points 
on  the  same  ridge  they  are  bent  up  and  vertical. 
Following  the  valley  of  the  Yeso,  trending  NE.  (and 
therefore  still  unfavourable  for  our  transverae  section), 
the  same  porphyritic  conglomerate  formation  is  pro- 
longed to  near  the  Cuestadel  Indio,  situated  at  the 
western  end  of  the  basin  (like  a  drained  lake)  of  Yeso. 
Some  way  before  arriving  at  this  point,  distant  lofty 
pinnacles  capped  by  coloured  strata  belonging  to  the 
great  gypseous  formation  could  first  be  seen.  From 
the  summit  of  the  Cuesta,  looking  southward,  there  is 
a  magnificent  sectional  view  of  a  mountain-mass,  at 
least  2,000  feet  in  thickness  [E],  of  fine  andesitic 
granite  (containing  much  black  mica,  a  little  chlorite 
and  quartz),  which  sends  great  white  dikes  far  into  the 
superincumbent,  dark-coloured,  porphyritic  conglome- 
rates. At  the  line  of  junction  the  two  formations  are 
wonderfully  interlaced  together :  in  the  lower  part  of 
the  porphyritic  conglomerate,  the  stratification  has 
been  quite  obliterated,  whilst  in  the  upper  part  it  is 
very  distinct,  the  beds  composing  the  crests  of  the 
surrounding  mountains  being  inclined  at  angles  of 
between  70°  and  80°,  and  some  being  even  vertical. 
On  the  northern  side  of  the  valley,  there  is  a  great 
corresponding  mass  of  andesitic  granite,  which  is 
encased  by  porphyritic  conglomerate,  dipping  both 
on  the  western  an^  eastern  sides,  at  about  80°  to  west, 
but  on  the  eastern  side  with  the  tips  of  the  strata  bent 
in  such  a  manner,  as  to  render  it  probable  that  the 
whole  mass  had  been  on  that  side  thrown  over  and 
inverted. 

In  the  vaUey-basin  of  the  Yeso,  which  I  estimated 
at  7,000  feet  above  the  level  of  the  sea,  we  first  reach 
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at  [P]  the  gypseous  formation.  Its  thickness  is  very 
great.  It  consists  in  most  parts  of  snow-white,  hard, 
compact  gypsam,  which  breaks  with  a  sai^charine  frac- 
ture, having  translucent  edges;  under  the  blowpipe 
gives  out  much  vapour;  it  frequently  includes  nests 
and  exceedingly  thin  layers  of  crystallised,  blackish 
carbonate  of  lime.  Large,  irregularly  shaped  concre« 
tions  (externally  still  exhibiting  lines  of  aqueous 
deposition)  of  blackish-gray,  but  sometimes  white, 
coarsely  and  brilliantly  crystallised,  bard  anhydrite, 
abound  within  the  common  gypsum.  Hillocks,  formed 
of  the  hardest  and  purest  varieties  of  the  white  gypsum, 
stand  up  above  the  surrounding  parts,  and  have  their 
surfaces  cracked  and  marked,  just  like  newly  baked 
bread.  There  is  much  pale  brown,  soft,  argillaceous 
gypsum ;  and  there  were  some  intercalated  green  beds 
which  I  had  not  time  to  reach.  I  saw  only  one  frag* 
ment  of  selenite  or  transparent  gypsum,  and  that 
perhaps  may  have  come  from  some  subsequently  formed 
vein.  From  the  mineralogical  characters  here  given, 
it  is  probable  that  these  gypseous  beds  have  undergone 
some  metamorphic  action.  The  strata  are  much  hidden 
by  detritus,  but  they  appeared  in  most  parts  to  be 
highly  inclined ;  and  in  an  adjoining  lofty  pinnacle  they 
could  be  distinctly  seen  bending  up,  and  becoming 
vertical,  conformably  with  the  underlying  porphyritio 
conglomerate.  In  very  many  parts  of  the  great  moun- 
tain-face [F],  composed  of  thin  gypseous  beds,  there 
were  innumerable  masses,  irregularly  shaped  and  not 
like  dikes,  yet  with  well-defined  edges,  of  an  imperfectly 
granular,  pale  greenish  or  yellowish-white  rock,  essen- 
tially composed  of  feldspar,  with  a  little  chlorite  or 
hornblende,  epidote,  iron-pyrites,  and  ferruginous  pow- 
der :  I  believe  that  these  curious  trappean  masses  have 
been  injected  from'  the  not  far  distant  monntain-maa8 
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[E]  of  andesite  whilst  still  fluid,  and  that  owing  to  the 
softness  of  the  gypseous  strata  they  have  not  acquired 
the  ordinary  forms  of  dikes.  Subsequently  to  the 
injection  of  these  feldspathic  rocks,  a  great  dislocation 
has  taken  place;  and  the  much  shattered  gypseous 
strata  here  overlie  a  hillock  [G],  composed  of  vertical 
strata  of  impure  limestone  and  of  black  highly  calcare- 
ous shale  including  threads  of  gypsum :  these  rocks^  as 
we  shall  presently  see,  belong  to  the  upper  parts  of  the 
gypseous  series,  and  hence  must  here  have  been  thrown 
down  by  a  vast  fault. 

Proceeding  up  the  valley-basin  of  the  Yeso,  and 
taking  our  section  sometimes  on  one  hand  and  some- 
times on  the  other,  we  come  to  a  great  hill  of  stratified 
porphyritic  conglomerate  [H]  dipping  at  45°  to  the 
west ;  and  a  few  hundred  yards  &rther  on,  we  have  a 
bed  between  300  or  400  feet  thick  of  gypsum  [1]  dip- 
ping eastward  at  a  very  high  angle :  here  then  we  have 
a  &ult  and  anticlinal  axis.  On  the  opposite  side  of 
the  valley,  a  vertical  mass  of  red  conglomerate,  con- 
formably underlying  the  gypsum,  appears  gradually  to 
lose  its  stratification  and  passes  into  a  mountain  of 
porphyry.  The  gypsum  [I]  is  covered  by  a  bed  [K], 
at  least  1,000  feet  in  thickness,  of  a  purplish-red, 
compact,  heavy,  fine-grained  sandstone  or  mudstone, 
which  fuses  easily  into  a  white  enamel,  and  is  seen 
under  a  lens  to  contain  triturated  crystals.  This  is 
succeeded  by  a  bed  [L],  1,000  feet  thick  (I  believe  I 
understate  the  thickness)  of  gypsum,  exactly  like  the 
beds  before  described ;  and  this  again  is  capped  by 
another  great  bed  [M]  of  purplish-red  sandstone.  All 
these  strata  dip  eastward ;  but  the  inclination  becomes 
less  and  less,  as  we  leave  the  first  and  almost  vertical 
bed  [I]  of  gypsum. 

Leaving  the  besin-plxin  of  Yeso^  the  road  rapidly 
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ascends,  passing  by  mountains  composed  of  the  gypseous 
and  associated  beds,  with  their  stratification  greatly 
disturbed  and  therefore  not  easily  intelligible:  hence 
this  part  of  the  section  has  been  lefb  nncolonred. 
Shortly  before  reaching  the  great  Penquenes  ridge,  the 
lowest  stratum  visible  [N]  is  a  red  sandstone  or  mud- 
stone,  capped  by  a  vast  thickness  of  black,  compact, 
calcareous,  shaly  rock  [0],  which  has  been  thrown 
into  four  lofty,  though  small  ridges :  looking  northward, 
the  strata  in  these  ridges  are  seen  gradually  to  rise  in 
inclination,  becoming  in  some  distant  pinnacles  abso- 
lutely vertical. 

The  ridge  of  Peuquenes,  which  divides  the  waters 
flowing  into  the  Pacific  and  Atlantic  Oceans,  extends  in 
a  nearly  NN W.  and  SSE.  line ;  its  strata  dip  eastward 
at  an  angle  of  between  30^  and  45%  but  in  the  higher 
peaks  bending  up  and  becoming  almost  vertical.  Where 
the  road  crosses  this  range,  the  height  is  13,210  feet 
above  the  sea-level,  and  I  estimated  the  neighbouring 
pinnacles  at  from  14,000  to  15,000  feet.  The  lowest 
stratum  visible  in  this  ridge  is  a  red  stratified  sandstone 
[P] ;  on  it  are  superimposed  two  great  masses  [Q  and 
S]  of 'black,  hard,  compact,  even  having  a  conchoidal 
fracture,  calcareous,  more  or  less  laminated  shale,  pass- 
ing into  limestone :  this  rock  contains  organic  remains, 
presently  to  be  enumerated.  The  compacter  varieties 
fuse  easily  in  a  white  glass ;  and  this  I  may  add  is  a 
very  general  character  with  all  the  sedimentary  beds  in 
the  Cordillera:  although  this  rock  when  broken  is 
generally  quite  black,  it  everywhere  weathers  into  an 
ash-gray  tint.  Between  these  two  great  masses  [Q  and 
S],  a  bed  [R]  of  gypsum  is  interposed,  about  300  feet 
in  thickness,  and  having  the  same  characters  as  hereto- 
fore described.  1  estimated  the  total  thickness  of  these 
three  beds  [Q,  R,  8]  at  nearly  8,000  feet ;  and  to  this 
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mast  be  added,  as  yrill  be  immediately  seen,  a  great 
overlying  mass  of  red  sandstone. 

In  descending  the  eastern  slope  of  this  great  central 
range,  the  strata,  which  in  the  upper  part  dip  eastward 
at  about  an  angle  of  40°,  become  more  and  more  cnrved, 
till  they  are  nearly  vertical;  and  a  little  farther  onwards 
there  is  seen  on  the  farther  side  of  a  ravine,  a  thick 
mass  of  strata  of  bright  red  sandstone  [T],  with  their 
upper  extremities  slightly  curved,  showing  that  they 
were  once  conformably  prolonged  over  the  beds  [8]: 
on  the  southern  and  opposite  side  of  the  road,  this  red 
sandstone  and  the  underlying  black  shaly  rocks  stand 
vertical,  and  in  actual  juxtaposition.  Continuing  to 
descend,  we  come  to  a  synclinal  valley  filled  with 
rubbish,  beyond  which  we  have  the  red  sandstone  [T  *] 
corresponding  with  [T],  and  now  dipping,  as  is  seen 
both  north  and  south  of  the  road,  at  45°  to  the  west ; 
and  under  it,  the  beds  [S  *,  R  ',  Q  ',  and  I  beUeve  P  «] 
in  corresponding  order  and  of  similar  composition,  with 
those  on  the  western  flank  of  the  Penquenes  range,  but 
dipping  westward.  Close  to  the  synclinal  valley  the 
dip  of  these  strata  is  45°,  but  at  the  eastern  or  farther 
end  of  the  series  it  increases  to  60°.  Here  the  great 
gypseous  formation  abruptly  terminates,  and  is  suc- 
ceeded eastward  by  a  pile  of  more  modem  strata. 
Considering  how  violently  these  central  ranges  have 
been  dislocated,  and  how  very  numerous  dikes  are  in 
the  exterior  and  lower  parts  of  the  Cordillera,  it  is 
remarkable  that  I  did  not  here  notice  a  single  dike. 
The  prevailing  rock  in  this  neighbourhood  is  the  black, 
calcareous,  compact  shale,  whilst  in  the  valley-basin  of 
the  Yeso  the  purplish-red  sandstone  or  mudstone  pre- 
dominates,— both  being  associated  with  gypseous  strata 
of  exactly  the  same  nature.  It  would  be  very  difficult 
to  ascertain  the  relative  superposition  of  these  several 
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masses,  for  we  shall  afterwards  see  in  the  Cumbre  Pass 
that  the  gypseous  and  intercalated  beds  are  lens-shaped^ 
and  that  they  thin  out,  even  where  very  thick,  and 
disappear  in  short  horizontal  distances:  it  is  qnite 
possible  that  the  black  shales  and  red  sandstones  may 
be  contemporaneous,  but  it  is  more  probable  that  the 
former  compose  the  uppermost  parts  of  the  series. 

The  fossils  above  alluded  to  in  the  black  calcareoas 
shales  are  few  in  number,  and  are  in  an  imperfect 
condition;  they  consist,  as  named  for  me  by  M.  d'Or- 
bigny,  of- 

1.  Ammonite,  indeterminable,  near  to  A.  recticostatut,  D'Orbig. 

•  Pal.  Franc'  (Neocomian  formation). 

2.  Oiyphsea,  near  to  G.  Vouloni  (Neocomian  formations  of  France 

and  NeafchStel). 

3.  Natica,  indeterminable. 

4.  Cyprinarostrata,  D'Orbig.  *Pal.  Franc*  (Neocomian  formation), 

5.  B.stellaria  angulosa(?)  D'Orbig.  'Pal.  de  I'Am&r.  Mer  ' 

6.  Terebratala  7 

Some  of  the  firagments  of  Ammonites  were  as  thick 
as  a  man's  arm :  the  Gryphsea  is  much  the  most 
abundant  shell.  These  fossils  M.  d'Orbigny  considers 
as  belonging  to  the  Neocomian  stage  of  the  Cretaceous 
system.  Dr.  Meyen,*  who  ascended  the  valley  of  the 
Rio  Volcan,  a  branch  of  the  Yeso,  found  a  nearly 
similar,  but  apparently  more  calcareous  formation,  with 
much  gypsum,  and  no  doubt  the  equivalent  of  that 
here  described  :  the  beds  were  vertical,  and  were  pro- 
longed up  to  the  limits  of  perpetual  snow :  at  the  height 
of  9,000  feet  above  the  sea,  they  abounded  with  fossils, 
consisting,  according  to  Von  Buch,'  of — 

1.  Exogyra  (Gryphaea)  Couloni,  absolutely  identical  with  specimens 

from  the  Jura  and  South  of  France. 

2.  Trigonia  costata,    1    identical  with  those  foand  in  the  npper 

3.  Pecten  striatus,      j  Jurassic  bed«  at  Hildesheim. 


*  *  Reise  um  Erde/  Th.  1.  8.  355. 

•  •  Descript.  Phys.  des  lies  Canaries,*  p.  471. 
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4.  Cncallaea,  corresponding  in  fonn  to  C,  loHgirottris,  so  frequent 

in  the  upper  Jurassic  beds  of  Westpbalia. 

5.  Ammonites,  resembling  A.  biplex. 

Von  Bacli  conclades  that  this  formation  is  intermediate 
between  the  limestone  of  the  Jura  and  the  chalk,  and 
that  it  is  analogous  with  the  uppermost  Jurassic  beds 
forming  the  plains  of  Switzerland.  Hence  M.  d'Orbigny 
and  Von  Buch,  under  different  terms,  compare  these 
fossils  to  those  from  the  same  late  stage  in  the  Secondary 
formations  of  Europe. 

Some  of  the  fossils  which  I  collected  were  found  a 
good  way  down  the  western  slope  of  the  main  ridge, 
and  hence  must  originally  have  been  covered  up  by  a 
great  thickness  of  the  black  shaly  rock,  independently 
of  the  now  denuded,  thick,  overlying  masses  of  red 
sandstone.  I  neglected  at  the  time  to  estimate  how 
many  hundred  or  rather  thousand  feet  thick  the 
superincumbent  strata  must  have  been:  and  I  will 
not  now  attempt  to  do  so.  This,  however,  would  have 
been  a  highly  interesting  point,  as  indicative  of  a  great 
amount  of  subsidence,  of  which  we  shall  hereafter  iind 
in  other  parts  of  the  Cordillera  analogous  evidence 
daring  this  same  period.  The  altitude  of  the  Pea- 
quenes  range,  considering  its  not  great  antiquity,  is 
very  remarkable ;  many  of  the  fossils  were  embedded  at 
the  height  of  13,210  feet,  and  the  same  beds  are  pro* 
longed  up  to  at  least  from  14,000  to  15,000  above  the 
level  of  the  sea. 

The  P&rtUlo  or  Eastern  Chain, — The  valley  of 
Tenuyan,  separating  the  Peuquenes  and  Portillo  lines, 
is,  as  estimated  by  Dr.  Gillies  and  myself,  about  twenty 
miles  in  width  ;  the  lowest  part,  where  the  road  crosses 
the  river,  being  7,500  feet  above  the  sea-level.  The 
pass  on  the  Portillo  line  is  14,365  feet  high  (1,100  feet 
higher  than  that  on  the  Peuquenes),  and   the  neigh* 
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bouring  pinnacles  mnst,  I  conceive,  rise  to  nearly  16,000 
feet  above  the  sea.  The  river  draining  the  intermediate 
valley  of  Tenuyan,  passes  through  the  Portillo  line. 
To  return  to  our  section : — shortly  after  leaving  the 
lower  beds  [P  ']  of  the  gypseous  formation,  we  come  to 
giand  masses  of  a  coarse,  red  conglomerate  [V],  totally 
unlike  any  strata  hitherto  seen  in  the  Cordillera.  This 
conglomerate  is  distinctly  stratified,  some  of  the  beds 
being  well  defined  by  the  greater  size  of  the  pebbles :  the 
cement  is  calcareous  and  sometimes  crystalline,  though 
the  mass  shows  no  signs  of  having  been  metamorphosed. 
The  included  pebbles  are  either  perfectly  or  only  par- 
tially rounded :  they  consist  of  purplish  sandstones,  of 
various  porphyries,  of  brownish  limestone,  of  black 
calcareous,  compact  shale  precisely  like  that  in  situ  in 
the  Peuquenes  range,  and  containing  some  of  the  same 
fossil  shells ;  also  very  many  pebbles  of  quartz,  some  of 
micaceous  schist,  and  numerous,  broken,  rounded  crys- 
tals of  a  reddish  orthitic  or  potash  feldspar  (as  deter- 
mined by  Professor  Miller),  and  these  from  their  size 
must  have  been  derived  from  a  coarse-grained  rock, 
probably  granite.  From  this  feldspar  being  orthitic, 
and  even  from  its  external  appearance,  I  venture  posi- 
tively to  affirm  that  it  has  not  been  derived  from  the 
rocks  of  the  western  ranges ;  but,  on  the  other  hand, 
it  may  well  have  come,  together  with  the  quartz  and 
metamorphic  schists,  from  the  eastern  or  Portillo  line, 
for  this  line  mainly  consists  of  coarse  orthitic  granite. 
The  pebbles  of  the  fossiliferous  slate  and  of  the  purple 
sandstone,  certainly  have  been  derived  from  the  Peu- 
quenes or  western  ranges. 

The  road  crosses  the  valley  of  Tenuyan  in  a  nearly 
east  and  west  line,  and  for  several  miles  we  have  on 
both  hands  the  conglomerate,  .everywhere  dipping  west 
and  forming   separate  great   mountains.     The  strata. 
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where  first  met  with,  after  leaving  the  gypseous  forma* 
tion,  are  inclined  westward  at  an  angle  of  only  20°, 
which  farther  on  increases  to  about  45°.  The  gypseous 
strata,  as  we  have  seen,  are  also  inclined  westward: 
hence,  when  looking  from  the  eastern  side  of  the  valley 
towards  the  Peuquenea  range,  a  most  deceptive  appear- 
ance  is  presented,  as  if  the  newer  beds  of  conglomerate 
dipped  directly  under  the  much  older  beds  of  the 
gypseous  formation.  In  the  middle  of  the  valley,  a 
bold  mountain  of  unstratified  lilac-coloured  porphyry 
(with  crystals  of  hornblende)  projects ;  and  farther  on, 
a  little  south  of  the  road,  there  is  another  mountain, 
with  its  strata  inclined  at  a  small  angle  eastwards,  which 
in  its  general  aspect  and  colour,  resembles  the  porphy- 
ritic  conglomerate  formation,  so  rare  on  this  side  of  the 
Peuquenes  line  and  so  grandly  developed  throughout 
the  western  ranges. 

The  conglomerate  is  of  great  thickness :  I  do  not 
suppose  that  the  strata  forming  the  separate  mountain- 
masses  [V,  V,  V]  have  ever  been  prolonged  over  each 
other,  but  that  one  mass  has  been  broken  up  by  several, 
distinct,  parallel,  uniclinal  lines  of  elevation.  Judging 
therefore  of  the  thickness  of  the  conglomerate,  as  seen 
in  the  separate  mountain-masses,  I  estimated  it  at  least 
from  1,500. to  2,000  feet.  The  lower  beds  rest  con- 
formably on  some  singularly  coloured,  soft  strata  [W], 
which  I  could  not  reach  to  examine ;  and  these  again 
rest  comformably  on  a  thick  mass  of  micaceous,  thinly 
laminated,  siliceous  sandstone  [Xj,  associated  with  a 
little  black  clay-slate.  These  lower  beds  are  traversed 
by  several  dikes  of  decomposing  porphyry.  The  lami- 
nated sandstone  ia  directly  superimposed  on  the  vast 
masses  of  granite  [Y,  T]  which  mainly  compose  the 
Portillo  range.  The  line  of  junction  between  this 
latter  rock,  which  is  of  a  bright  red  colour,  and  the 
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whitish  sandstone  was  beautifully  distinct;  the  sand- 
stone being  penetrated  by  numerous,  great,  tortuous 
dikes  branching  from  the  granite,  and  having  been 
converted  into  a  granular  quartz  rock  (singularly  like 
that  of  the  Falkland  Islands),  containing  specks  of  an 
ochery  powder,  and  blaclc  crystalline  atoms,  apparently 
of  imperfect  mica.  The  quartzose  strata  in  one  spot 
were  folded  into  a  regular  dome. 

The  granite  which  composes  the  magnificent  bare 
pinnacles  and  the  steep  western  flank  of  the  Portillo 
chain,  is  of  a  brick-red  colour,  coarsely  crystallized,  and 
composed  of  orthitic  or  potash  feldspar,  quartz,  and  im- 
perfect mica  in  small  quantity,  sometimes  passing  into 
chlorite.  These  minerals  occasionally  assume  a  laminar 
or  foliated  arrangement.  The  fact  of  the  feldspar  being 
orithic  in  this  range,  is  very  remarkable,  considering 
how  rare,  or  rather,  as  I  believe,  entirely  absent,  this 
mineral  is  throughout  the  western  ranges,  in  which 
soda-feldspar,  or  at  least  a  variety  cleaving  like  albite, 
is  so  extremely  abundant.  In  one  spot  on  the  western 
flank,  and  on  the  eastern  flank  near  Los  Manantiales 
and  near  the  crest,  I  noticed  some  great  masses  of  a 
whitish  granite,  parts  of  it  fine-grained,  and  parts  con- 
taining large  crystals  of  feldspar ;  I  neglected  to  collect 
specimens,  so  I  do  not  know  whether  this  feldspar  is 
also  orthitic,  though  I  am  inclined  to  think  so  from  its 
general  appearance.  I  saw  also  some  syenite  and  one 
mass  which  resembled  andesite,  but  of  which  I  likewise 
neglected  to  collect  specimens.  From  the  manner  in 
which  the  whitish  granites  formed  separate  mountain- 
masses  in  the  midst  of  the  brick-red  variety,  and  from 
one  such  mass  near  the  crest  being  traversed  by  nume- 
rous veins  of  flesh-coloured  and  greenish  eurite  (into 
which  I  occasionally  observed  the  brick-red  granite 
insensibly  passing),  I  conclude  that  the  white  granites 
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probably  belong  to  an  older  formation,  almost  over- 
whelmed and  penetrated  by  the  red  granite. 

On  the  crest  I  saw  also,  at  a  short  distance,  some 
coloured  stratified  beds,  apparently  like  those  [W]  at 
the  western  base,  but  was  prevented  examining  them 
by  a  snow-storm :  Mr.  Caldcleugh,^  however,  collected 
here  specimens  of  ribboned  jasper,  raagnesian  lime- 
stone, and  other  minerals.  A  little  way  down  the 
eastern  slope  a  few  fragments  of  quartz  and  mica-slate 
are  met  with ;  bat  the  great  formation  of  this  latter 
rock  [Z],  which  covers  up  much  of  the  eastern  flank 
and  base  of  the  Portillo  range,  cannot  be  conveniently 
examined  until  much  lower  down  at  a  place  called  Mai 
Paso.  The  mica-schist  here  consists  of  thick  layers 
of  quartz,  with  intervening  folia  of  finely-scaly  mica, 
often  passing  into  a  substance  like  black  glossy  clay- 
slate  :  in  one  spot,  the  layers  of  quartz  having  disap- 
peared, the  whole  mass  became  converted  into  glossy 
clay-slate.  Where  the  folia  were  best  defined,  they 
were  inclined  at  a  high  angle  westward,  that  is,  towards 
the  range.  The  line  of  junction  between  the  dark 
mica-slate  and  the  coarse  red  granite  was  most  clearly 
distinguishable  from  a  vast  distance :  the  granite  sent 
many  small  veins  into  the  mica-slate,  and  included 
some  angular  fragments  of  it.  As  the  sandstone  on  the 
western  base  has  been  converted  by  the  red  granite  into 
a  granular  quartz-rock,  so  this  great  formation  of  mica* 
schist  may  possibly  have  been  metamorphosed  at  the 
same  time  and  by  the  same  means;  but  I  think  it 
more  probable,  considering  its  more  perfect  metamor- 
phic  character  and  its  well-pronounced  foliation,  that  it 
belongs  to  an  anterior  epoch,  connected  with  the  white 
granites:  I  am  the  more  inclined  to  this  view,  from 
having  found  at  the  foot  of  the  range  the  mica-schist 

»  'Travels/  &c.,  voL  p.  808. 
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Burronnding  a  hammock  [Y  ^],  exclusively  composed  of 
white  granite.  Near  Los  Arenales,  the  mountains  on 
all  sides  are  composed  of  the  mica-slate ;  and  looking 
backwards  from  this  point  up  to  the  bare  gigantic 
peaks  above,  the  view  was  eminently  interesting.  The 
coloura  of  the  red  granite  and  the  black  mica-slate  are 
80  distinct,  that  with  a  bright  light  these  rocks  could 
be  readily  distinguished  even  from  the  Pampas,  at  a 
level  of  at  least  9,000  feet  below.  The  red  granite, 
from  being  divided  by  parallel  joints,  has  weathered 
into  sharp  pinnacles,  on  some  of  which,  even  on  some 
of  the  loftiest,  little  caps  of  mica-schist  could  be  clearly 
seen:  here  and  there  isolated  patches  of  this  rock 
adhered  to  the  mountain-flanks,  and  these  oilen  corre- 
sponded in  height  and  position  on  the  opposite  sides  of 
the  immense  valleys.  Lower  down  the  schist  prevailed 
more  and  more,  with  only  a  few  quite  small  points  of 
granite  projecting  through.  Looking  at  the  entire 
eastern  face  of  the  Portillo  range,  the  red  colour  far 
exceeds  in  area  the  black  ;  yet  it  was  scarcely  possible 
to  doubt  that  the  granite  had  once  been  almost  wholly 
encased  by  the  mica-schist. 

At  Los  Arenales,  low  down  on  the  eastern  flank,  the 
mica-slate  is  traversed  by  several  closely  adjoining, 
broad  dikes,  parallel  to  each  other  and  to  the  foliation 
of  the  schist.  The  dikes  are  formed  of  three  difierent 
varieties  of  rock,  of  which  a  pale  brown  feldspathic 
porphyry  with  grains  of  quartz  was  much  the  most 
abundant.  These  dikes  with  their  granules  of  quartz, 
as  well  as  the  mica-schist  itself,  strikingly  resemble  the 
rocks  of  the  Chonos  Archipelago.  At  a  height  of  about 
1,200  feet  above  the  dikes,  and  perhaps  connected  with 
them,  there  is  a  range  of  cliffs  formed  of  successive 
lava-streams  [A  A],  between  300  and  400  feet  in  thick- 
ness, and  in  places  finely  columnar.     The  lava  consists 
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of  dark-grayish,  harsh  rocks,  intermediate  in  character 
between  trachyte  and  basalt,  containing  glassy  feldspar, 
olivine,  and  a  little  mica,  and  sometimes  amygdaloidal 
with  zeolite :  the  basis  is  either  quite  compact,  or  crenu- 
lated  with  air-vesicles  arranged  in  laminas.  The 
streams  are  separated  from  each  other  by  beds  of  frag- 
mentary brown  scoriae,  firmly  cemented  together,  and 
including  a  few  well-ronnded  pebbles  of  lava.  From 
their  general  appearance,  I  suspect  that  these  lava- 
streams  flowed  at  an  ancient  period  under  the  pressure 
of  the  sea,  when  the  Atlantic  covered  the  Pampas  and 
washed  the  eastern  foot  of  the  Cordillera.^  On  the 
opposite  and  northern  side  of  the  valley  there  is  another 
line  of  lava-cliffs  at  a  corresponding  height ;  the  valley 
between  being  of  considerable  breadth,  and  as  nearly  as 
I  could  estimate  1,500  feet  in  depth.  This  field  of 
lava  is  confined  on  both  sides  bv  the  mountains  of 
mica-schist,  and  slopes  down  rapidly  but  irregularly  to 
the  edge  of  the  Pampas,  where,  having  a  thickness  of 
about  200  feet,  it  terminates  against  a  little  range  of 
clay-stone  porphyry.  The  valley  in  this  lower  part 
expands  irfto  a  bay-like,  gentle  slope,  bordered  by  the 
cliffs  of  lava,  which  must  certainly  once  have  extended 
across  this  wide  expanse.  The  inclination  of  the 
streams  from  Los  Arenales  to  the  mouth  of  the  valley  is 
80  great,  that  at  the  time  (though  ignorant  of  M.  Elie 
de  Beaumont's  researches  on  the  extremely  small  slope 
over  which  lava  can  flow,  and  yet  retain  a  compact 
structure  and  considerable  thickness)  I  concluded  that 
they  must   subsequently  to  their  flowing  have  been 

>  This  conclusion  might,  perhaps,  even  have  been  anticipated^ 
from  the  general  rarity  of  volcanic  action,  except  near  the  sea  or 
large  bodies  of  water.  Gomformablj  with  this  rale,  at  the  present 
day,  there  are  no  active  volcanos  on  this  enstemsideof  the  Cordillera  | 
nor  ate  severe  earthquakes  experienced  here. 
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upheaved  and  tilted  from  the  mountaiDS :  of  this  con-" 
elusion  I  can  now  entertain  not  the  smallest  doubt. 

At  the  mouth  of  the  valley,  within  the  cliffs  of  the 
above  lava-field,  there  are  remnants,  in  the  form  of 
separate  small  hillocks  and  of  lines  of  low  cliffs,  of  a 
considerable  deposit  of  compact  white  tuff  (quarried  for 
filtering-stones),  composed  of  broken  pumice,  volcanic 
crystals,  scales  of  mica,  and  fragments  of  lava.  This 
mass  has  suffered  much  denudation,  and  the  hard  mican 
schist  has  been  deeply  worn,  since  the  period  of  its 
deposition  ;  and  this  period  must  have  been  subsequent 
to  the  denudation  of  the  basaltic  lava-streams,  as  at- 
tested by  their  encircling  cliffs  standing  at  a  higher 
level.  At  the  present  day,  under  the  existing  arid 
climate,  ages  might  roll  past  without  a  square  yard  of 
rock  of  any  kind  being  denuded,  except  perhaps  in  the 
rarely  moistened  drainage-channel  of  the  valley.  Must 
we  then  look  back  to  that  ancient  period,  when  the 
waves  of  the  sea  beat  against  the  eastern  foot  of  the 
Cordillera,  for  a  power  suflScient  to  denude  extensively, 
though  superficially,  this  tufaceous  deposit,  soft  al- 
though it  be  ? 

There  remains  only  to  mention  some  little  water- 
worn  hillocks  [B  B],  a  few  hundred  feet  in  height,  and 
mere  mole-hills  compared  with  the  gigantic  mountains 
behind  them,  which  rise  out  of  the  sloping,  shingle- 
covered  margin  of  the  Pampas.  The  first  little  range 
is  composed  of  a  brecciated  purple  porphyritic  clay- 
stone,  with  obscurely  marked  strata  dipping  at  70^  to 
the  SW. ;  the  other  ranges  consist  of — a  pale-coloured 
feldspathic  porphyry, — a  purple  clay-stone  porphyry 
with  grains  of  quartz, — and  a  rock  almost  exclusively 
composed  of  brick-red  crystals  of  feldspar.  These 
outermost  small  lines  of  elevation  extend  in  a  NW.  by 
W.  and  SE.  by  S.  direction. 
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Ccmdvding  Rema/rhi  on  tJie  Portillo  Range. — ^Wheu 
on  the  Pampas  and  looking  southward,  and  whilst  travel- 
ling northward,  I  could  see  for  very  many  leagues  the 
red  granite  and  dark  mica-schist  forming  the  crest  and 
eastern  flank  of  the  Portillo  line.     This  great  range, 
according  to  Dr.  Gillies,  can  be  traced  with  little  inter- 
ruption  for  140  miles  southward  to  the  R.  Diamante, 
where  it  unites  with  the  western  ranges :  northward, 
according  to  this  same  author,  it  terminates  where  the 
B.  Mendoza   debouches  from   the  mountains;    but  a 
little  farther  north  in  the  eastern  part  of  the  Cumbre 
section,  there   are,  as   we   shall   hereafter   see,  some 
mountain-masses  of  a  brick-red  porphyry,  the  last  in- 
jected amidst  many  other  porphyries,  and  having  so 
close  an  analogy  with  the  coarse  red  granite  of  the  Por- 
tillo line,  that  I  am  tempted  to  believe  that  they  belong 
to  the  same  axis  of  injection  ;  if  so,  the  Portillo  line  is 
at  least  200  miles  in  length.     Its  height,  even  in  the 
lowest  gap  on  the  road,  is  14,365  feet,  and  some  of  the 
pinnacles    apparently   attain    an    elevation   of    about 
16,000  feet  above  the  sea.     The  geological  history  of 
this  grand  chain  appears  to  me  eminently  interesting. 
We  may  safely  conclude,  that  at  a  former  period  the 
valley  of  Tenuyan  existed  as  an  arm  of  the  sea,  about 
twenty  miles  in  width,  bordered  on  one  hand  by  a  ridge 
or  chain  of  islets  of  the  black  calcareous  shales  and 
purple  sandstones  of  the  Gypseous  formation ;  and  oa 
the  other  hand,  by  a  ridge  or  chain  of  islets  composed 
of  mica-slate,  white  granite,  and  perhaps  to  a  partial 
extent  of  red  granite.     These  two  chains,  whilst  thus 
bordering  the  old  sea-channel,  must  have  been  exposed 
for  a  vast  lapse  of  time  to  alluvial  and  littoral  action, 
during  which  the  rocks  were  shattered,  the  fragments 
rounded,  and  the  strata  of  conglomerate  accumulated 
to  a  thickness  of  at  least  1,500  or  2,000  feet.     Tlie 

3: 
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red  orthitic  granite  now  forms,  as  we  have  seen,  the 
main  part  of  the  Portillo  chain :  it  is  injected  in  dikes 
not  only  into  the  mica- schist  and  white  granites,  bat 
into  the  laminated  sandstone,  which  it  has  metamor* 
phosed,  and  which  it  has  thrown  off,  together  with  the 
conformably  overlying  coloured  beds  and  stratified 
conglomerate,  at  an  angle  of  forty-five  degrees.  To 
have  thrown  off  so  vast  a  pile  of  strata  at  this  angle, 
is  a  proof  that  the  main  part  of  the  red  granite 
(whether  or  not  portions,  as  perhaps  is  probable, 
previously  existed)  was  injected  in  a  liquified  state  after 
the  accumulation  both  of  the  laminated  sandstone  and 
of  the  conglomerate ;  this  conglomerate,  we  know,  was 
accumulated,  not  only  after  the  deposition  of  the  fos- 
siliferous  strata  of  the  Peuquenes  line,  but  after  their 
elevation  and  long-continued  denudation:  and  these 
fossiliferous  strata  belong  to  the  early  part  of  the 
Cretaceous  system.  Late,  therefore,  in  a  geological 
sense,  as  must  be  the  age  of  the  main  part  of  the  red 
granite,  I  can  conceive  nothing  more  impressive  than 
the  eastern  view  of  this  great  range,  as  forcing  the  mind 
to  grapple  with  the  idea  of  the  thousands  of  thousands 
of  years  requisite  for  the  denudation  of  the  strata 
which  originally  encased  it, — for  that  the  fluidified 
granite  was  once  encased,  its  mineralogical  composition 
and  structure,  and  the  bold  conical  shape  of  the  moun* 
tain-masses,  yield  sufficient  evidence.  Of  the  encasing 
strata  we  see  the  last  vestiges  in  the  coloured  beds  on 
the  crest,  in  the  little  caps  of  mica-schist  on  some  of 
the  loftiest  pinnacles,  and  in  the  isolated  patches  of  this 
same  rock  at  corresponding  heights  on  the  now  bare  and 
steep  flanks. 

The  lava-streams  at  the  eastern  foot  of  the  Portillo 
are  interesting,  not  so  much  from  the  great  denudation 
which  they  have  suffered  at  a  comparatively  late  period 
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as  from  the  evidence  they  afford  by  their  inclination 
taken  conjointly  with  their  thickness  and  compactness, 
that  after  the  great  range  had  assumed  its  present 
general  outline,  it  continued  to  rise  as  an  axis  of  eleva- 
tion. The  plains  extending  from  the  base  of  the 
Cordillera  to  the  Atlantic  show  that  the  continent  has 
been  upraised  in  mass  to  a  height  of  3,500  feet,  and 
probably  to  a  much  great^er  height,  for  the  smooth 
shingle-covered  margin  of  the  Pampas  is  prolonged  in  a 
gentle  unbroken  slope  far  up  many  of  the  great  valleys. 
Nor  let  it  be  assumed  that  the  Peuquenes  and  Portillo 
ranges  have  undergone  only  movements  of  elevation; 
for  we  shall  hereafter  see,  that  the  bottom  of  the  sea 
subsided  several  thousand  feet  during  the  deposition  of 
strata,  occupying  the  same  relative  place  in  the  Cor- 
dillera, with  those  of  the  Peuquenes  ridge ;  moreover, 
we  shall  see  from  the  unequivocal  evidence  of  buried 
upright  trees,  that  at  a  somewhat  later  period,  during 
the  formation  of  the  Uspallata  chain,  which  corresponds 
geographically  with  that  of  the  Portillo,  there  was 
another  subsidence  of  many  thousand  feet :  here,  in- 
iSeed,  in  the  valley  of  Tenuyan,  the  accumulation  of  the 
coarse  stratified  conglomerate  to  a  thickness  of  1,500 
or  2,000  feet,  offers  strong  presumptive  evidence  of 
subsidence ;  for  all  existing  analogies  lead  to  the  belief 
that  large  pebbles  can  be  transported  only  in  shallow 
water,  liable  to  be  affected  by  currents  and  movements 
of  undulation — ^and  if  so,  the  shallow  bed  of  the  sea  on 
which  the  pebbles  were  first  deposited  must  necessarily 
have  sunk  to  allow  of  the  accumulation  of  the  super- 
incumbent strata.  What  a  history  of  changes  of  level, 
and  of  wear  and  tear,  all  since  the  age  of  the  latter 
Secondary  formations  of  Europe,  does  the  stractore  of 
this  one  great  mountain-chain  reveal ! 
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Passage  of  tlie  Avdes  by  the  Cumbre  or  VspaUata 

Pass. 

This  Pass  crosses  the  Andes  abont  sixty  miles  north 
of  that  just  described :  the  section  given  in  Plate  I. 
fig.  2,  is  on  the  same  scale  as  before,  namely,  at  one- 
third  of  an  inch  to  a  mile  in  distance,  and  one  inch  to 
a  mile  (or  6,000  feet)  in  height.  Like  the  last  section,  it 
is  a  mere  sketch,  and  cannot  pretend  to  accuracy,  though 
made  under  favourable  circumstances.  We  will  com- 
mence as  before,  with  the  western  half,  of  which  the 
main  range  bears  the  name  of  the  Cumbre  (that  is  the 
Ridge),  and  corresponds  to  the  Peuquenes  line  in  the 
former  section  ;  as  does  the  Uspallata  range,  though  on 
a  much  smaller  scale,  to  that  of  the  Portillo.  Near  the 
point  where  the  river  Aconcagua  debouches  on  the  basin 
plain  of  the  same  name,  at  a  height  of  about  2,300  feet 
above  the  sea,  we  meet  with  the  usual  purple  and 
greenish  porphyritic  clay-stone  conglomerate.  Beds  of 
this  nature,  alternating  with  numerous  compact  and 
amygdaloidal  porphyries,  which  have  flowed  as  sub- 
marine lavas,  and  associ)5ited  with  great  mountain- 
masses  of  various,  injected,  non-stratified  porphyries, 
are  prolonged  the  whole  distance  up  to  the  Cumbre  or 
central  ridge.  One  of  the  commonest  stratified  por- 
phyries is  of  a  green  colour,  highly  amygdaloidal  with 
the  various  minerals  described  in  the  prelimiuary  dis- 
cussion, and  including  fine  tabular  crystals  of  albite. 
The  mountain-range  north  (often  with  a  little  westing) 
and  south.  The  stratification,  wherever  I  could  clearly 
distinguish  it,  was  inclined  westward  or  towards  the 
Pacific,  and,  except  near  the  Cumbre,  seldom  at  angles 
above  25°.  Only  at  one  spot  on  this  western  side,  on  a 
lofty  pinnacle  not  far  from  the  Cumbre,  I  saw  strata 
apparently  belonging  to  the  Gypseous  formation,  and 
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oonformably  capping  a  pile  of  stratified  porphyries. 
Hence,  both  in  composition  and  in  stratification,  the 
structure  of  the  monntains  on  this  western  side  of 
the  divortium  aqua/rum^  is  £Eir  more  simple  than  in  the 
corresponding  part  of  the  Peuquenes  section.  In  the 
porphyritic  clay-stone  conglomerate,  the  mechanical 
structure  and  the  planes  of  stratification  have  generally 
been  mnch  obscured  and  even  quite  obliterated  towards 
the  base  of  the  series,  whilst  in  the  upper  parts,  near 
the  summits  of  the  mountains,  both  are  distinctly  dis- 
played. In  these  upper  portions  the  porphyries  are 
generally  lighter  coloured.  In  three  places  [X,  Y,  Z] 
masses  of  andesite  are  exposed :  at  [T],  this  rock  con- 
tained some  quartz,  but  the  greater  part  consisted  of 
andesitic  porphyry,  with  only  a  few  well-developed  crys- 
tals of  elbite,  and  forming  a  great  white  mass,  having 
the  external  aspect  of  granite,  capped  by  much  dark 
nnstratified  porphyry.  In  many  parts  of  the  moun- 
tains, there  are  dikes  of  a  green  colour,  and  other  white 
ones,  which  latter  probably  spring  from  underlying 
masses  of  andesite. 

The  Cumbre,  where  the  road  crosses  it,  is,  according 
to  Mr.  Pentland,  12,454  feet  above  the  sea ;  and  the 
neighbouring  peaks,  composed  of  dark  purple  and 
whitish  porphyries,  some  obscurely  stratified  with  a 
westerly  dip,  and  others  without  a  trace  of  stratification, 
must  exceed  13,000  feet  in  height.  Descending  the 
eastern  slope  of  the  Cumbre,  the  structure  becomes  very 
complicated,  and  generally  differs  on  the  two  sides  of 
the  east  and  west  line  of  road  and  section.  First  we 
come  to  a  great  mass  [A]  of  nearly  vertical,  singularly 
contorted  strata,  composed  of  highly  compact 'red  sand- 
stones^ and  of  often  calcareous  conglomerates,  and  pene- 
trated by  green,  yellow,  and  reddish  dikes ;  but  I  shall 
presently  have  an  opportunity  of  describing  in  some 
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detail  an  analogous  pile  of  strata.  These  vertical  beds 
are  abruptly  succeeded  by  others  [B],  of  apparently 
nearly  the  same  nature  but  more  metamorphosed,  alter- 
nating with  porphyries  and  limestones ;  these  dip  for  a 
short  space  westward,  but  there  has  been  here  an  extra- 
ordinary dislocation,  which,  on  the  north  side  of  the 
road,  appears  to  have  determined  the  excavation  of  the 
north  and  south  valley  of  the  B.  de  las  Cuevas.  On 
this  northern  side  of  the  road,  the  strata  [B]  are  pro- 
longed till  they  come  in  close  contact  with  a  jagged 
lofty  mountain  [D]  of  dark-coloured,  nnstratified,  in^ 
trusive  porphyry,  where  the  beds  have  been  more  highly 
inclined  and  still  more  metamorphosed.  This  moun- 
tain of  porphyry  seems  to  form  a  short  axis  of  elevation, 
for  south  of  the  road  in  its  line,  there  is  a  hill  [C] 
of  porphyritic  conglomerate  with  absolutely  vertical 
strata. 

We  now  come  to  the  Gypseous  formation:  I  will 
first  describe  the  structure  of  the  several  mountains,  and 
then  give  in  one  section  a  detailed  account  of  the  nature 
of  the  rocks.  On  the  north  side  of  the  road,  which  here 
runs  in  an  east  and  west  valley,  the  mountain  of  por- 
phyry [D]  is  succeeded  by  a  hill  [E]  formed  of  the 
upper  gypseous  strata  tilted,  at  an  angle  of  betweea 
70^  and  80^  to  the  west,  by  an  uniciinal  axis  of  elevation 
which  does  not  run  parallel  to  the  other  neighbouring 
ranges,  and  which  is  of  short  length ;  for  on  the  south 
side  of  the  valley  its  prolongation  is  marked  only  by  a 
small  flexure  in  a  pile  of  strata  inclined  by  a  quite 
separate  axis.  A  little  farther  on  the  north  and  south 
valley  of  Horoones  enters  at  right  angles  our  line  of 
section;  its  western  side  is  bounded  by  a  hill  of 
gypseous  strata  [F],  dipping  westward  at  about  45°| 
and  its  easterji  side  fay  a  mountain  of  similar  strata 
[Gj  inclined  westward  at  70°|  and  superimposed  by  an 
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oblique  fault  on  another  mass  of  the  same  strata  [[H], 
also  inclined  westward,  but  at  an  angle  of  only  about 
30^:  the  complicated  relation  of  these  three  masses 
[F,  6,  H]  is  explained  by  the  structure  of  a  great 
mountain-range  lying  some  way  to  the  north,  in  which 
a  regular  anticlinal  axis  (represented  in  the  section  by 
dotted  lines)  is  seen,  with  the  strata  on  its  eastern  side 
again  bending  up  and  forming  a  distinct  uniclinal  axis, 
of  which  the  beds  marked  [H]  form  the  lower  part. 
This  great  uniclinal  line  is  intersected,  near  the  Puente 
del  Inca,  by  the  valley  along  which  the  road  runs,  and 
the  strata  composing  it  will  be  immediately  described. 
On  the  south  side  of  the  road,  in  the  space  correspond* 
ing  with  the  mountains  [E,  F  and  G],  the  strata  every- 
where dip  westward  generally  at  an  angle  of  30%  occa- 
sionally mounting  up  to  45%  but  not  in  an  unbroken 
line,  for  there  are  several  vertical  faults,  forming 
separate  uniclinal  masses,  all  dipping  in  the  same 
direction, — ^a  form  of  elevation  common  in  the  Cordil- 
lera. We  thus  see  that  within  a  narrow  space,  the 
gypseous  strata  have  been  upheaved  and  crushed  to- 
gether by  a  great  uniclinal,  anticlinal,  and  one  lesser 
uniclinal  line  [EJ  of  elevation ;  and  that  between  these 
thiee  lines  and  the  Cnmbre,  in  the  sandstones,  con- 
glomerates and  porphyritic  formation,  there  have  been 
at  least  two  or  three  other  great  elevatory  axes. 

The  uniclinal  axis  \Y\  intersected  near  the  Puente 
del  Inca'  (of  which  the  strata  at  [H]  form  a  part) 

'  At  this  place,  there  are  fome  hoc  and  cold  ^yrings,  the  warmeivt 
having  a  tempera£are»  aooocding  to  Lieat.  Brand  (^  TrareU/  p.  240^, 
of  dl°  ;  they  emit  mocb  gas.  According  to  Mr.  Brande,  of  the  Rojal 
Institution,  ten  cubical  inches  contain  fortj.five  grains  of  solid 
matter,  consisting  chieflj  of  salt,  gypsum,  carbonate  of  lime,  and 
oxide  ol  iron.  The  water  is  charged  with  carbonic  acid  and 
solphnretted  hydrogen.  These  springs  deposit  much  tufa  in  the 
form  of  spherical  halls.  They  borst  forth,as  do  those  of  Caoqaenes, 
and  probabty  those  of  Villa  Vioeodo,  <m  a  line  of  elevation. 
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ranges  N.  by  W.  and  S.  by  E.,  forming  a  chain  of 
mountains,  apparently  little  inferior  in  height  to  the 
Cumbre :  the  strata,  as  we  have  seen,  dip  at  an  average 
angle  of  30^  to  the  west.  The  flunks  of  the  mountains 
are  here  quite  bare  and  steep,  affording  an  excellent 
section ;  so  that  I  was  able  to  inspect  the  strata  to  a 
thickness  of  about  4,000  feet,  and  could  clearly  dis- 
tinguish their  general  nature  for  1,000  feet  higher, 
making  a  total  thickness  of  5,000  feet,  to  which  must 
be  added  about  1,000  feet  of  the  inferior  strata  seen  a 
little  lower  down  the  valley.  I  will  describe  this  one 
section  in  detail,  beginning  at  the  bottom. 

1st.  The  lowest  mass  is  the  altered  clay- slate  de- 
scribed in  the  preliminary  discussion,  and  which  in  this 
line  of  section  was  here  first  met  with.  Lower  down 
the  valley,  at  the  R.  de  las  Vacas,  I  had  a  better  oppor- 
tunity of  examining  it ;  it  is  there  in  some  parts  well 
characterised,  having  a  distinct,  nearly  vertical,  tortuous 
cleavage,  ranging  NW.  and  SE.,  and  intersected  by 
quartz  veins :  in  most  parts,  however,  it  is  crystalline 
and  feldspathic,  and  passes  into  a  true  greenstone  often 
including  grains  of  quartz.  The  clay-slate,  in  its  upper 
half,  is  frequently  brecciated,  the  embedded  angular 
fragments  being  of  nearly  the  same  nature  with  the 
paste. 

2nd.  Several  strata  of  purplish  porphyritic  con* 
glomerate,  of  no  very  great  thickness,  rest  conformably 
upon  the  feldspathic  slate.  A  thick  bed  of  fine,  purple, 
clay-stone  porphyiy,  obscurely  brecciated  (but  not 
of  metamorphosed  sedimentary  origin),  and  capped 
by  porphyritic  conglomerate,  was  the  lowest  bed 
actually  examined  in  this  section  at  the  Paente  del 
Inca. 

8rd.  A  stratum,  eighty  feet  thick,  of  hard  and  very 
compact  impure  whitish  limestone,  weathering  bright 
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red,  with  incladed  layers  brecciated  and  re-cemented. 
Obscare  marks  of  shell  are  dtstingaishable  in  it. 

4th.  A  red,  qnartzose,  fine-grained  conglomerate, 
vith  grains  of  quartz,  and  with  patches  of  white  earthy 
feldspar,  apparently  doe  to  some  process  of  concretionary 
crystalline  action:  this  bed  is  more  compact  and 
metamorphosed  than  any  of  the  overlying  conglome- 
rates. 

5th.  A  whitish  cherty  limestone,  with  nodules  of 
blaeish  argillaceons  limestone. 

6th.  A  white  conglomerate,  with  many  particles  of 
quartz,  almost  blending  into  the  paste. 

7th.  Highly  siliceous,  fine-grained  white  sand- 
stone. 8th  and  9th.  Bed  and  white  beds  not  ex- 
amined. 

10th.  Yellow,  fine-grained,  thinly  stratified,  mag- 
nesian  (judging  from  itis  slow  dissolution  in  acids)  lime- 
stone :  it  includes  some  white  quartz  pebbles,  and  little 
cayities,  lined  with  calcareous  spar,  some  retaining  the 
form  of  shells. 

11th.  A  bed  between  twenty  and  thirty  feet  thick, 
qnite  conformable  with  the  underlying  ones,  composed 
of  a  hard  basis,  tinged  lilac-gray  porphyritic  with 
numeronu  crystals  of  whitish  feldspar,  with  black  mica 
and  little  spots  of  soft  ferruginous  matter :  evidently  a 
submarine  lava. 

12th.  Yellow  magnesian  limestone,  as  before,  part- 
stained  purple. 

13th.  A  most  singular  rock;  basis  purplish  gray, 
obscurely  cnstalline,  easily  fusible  into  a  dark  green 
glass,  not  hard,  thickly  speckled  with  crystals  more  or 
less  perfect  of  white  carbonate  of  lime,  of  red  hydrous 
oxide  of  iron,  of  a  white  and  transparent  mineral  like 
anakame,  and  of  a  green  opaque  mineral  Uke  soap-stone ; 
the  basis  is  moreover  amygdaloidal  with  many  spherical 


5o8  Section  by  the  Ctimbre  Pass,     pabt  n. 

balls  of  white  crystallised  carbonate  of  lime,  of  which 
some  are  coated  with  the  red  oxide  of  iron.  I  have  no 
doubt,  from  the  examination  of  a  superincumbent 
stratum  (19),  that  this  is  a  submarine  lava;  though  in 
Northern  Chile,  some  of  the  metamorphosed  sedimentary 
beds  are  almost  as  crystalline,  and  of  as  varied  com* 
position. 

14th.  Red  sandstone,  passing  in  the  upper  part  into 
a  coarse,  hard,  red  conglomerate,  300  feet  thick,  having 
a  calcareous  cement,  and  including  grains  of  quartz  and 
broken  crystals  of  feldspar ;  basis  infusible ;  the  pebbles 
consist  of  dull  purplish  porphyries,  with  some  of  quartz, 
from  the  size  of  a  nut  to  a  man's  head.  This  is  the 
coarsest  conglomerate  in  this  part  of  the  Cordillera :  in 
the  middle  there  was  a  white  layer  not  examined. 

15th.  Grand  thick  bed,  of  a  very  hard,  yellowish- 
white  rock,  with  a  crystalline  feldspathic  base,  including 
large  crystals  of  white  feldspar,  many  little  cavities 
mostly  full  of  soft  ferruginous  matter,  and  numerous 
hexagonal  plates  of  black  mica.  The  upper  part  of 
this  great  bed  is  slightly  cellular;  the  lower  part 
compact :  the  thickness  varied  a  little  in  different  parts. 
Manifestly  a  submarine  lava;  and  is  allied  to  bed  11. 

16th  and  17th.  Dull  purplish,  calcareous,  fine- 
grained, compact  sandstones,  which  pass  into  coarse 
white  conglomerates  with  numerous  particles  of  quartz. 

18th.  Several  alternations  of  red  conglomerate, 
purplish  sandstone,  and  submarine  lava,  like  that  singu- 
lar rock  forming  bed  13. 

19th.  A  very  heavy,  compact,  greenish-black  stone, 
with  a  fine-grained  obviously  crystalline  basis,  contain- 
ing a  few  specks  of  white  calcareous  spar,  many  specks 
of  the  cirystallised  hydrous  red  oxide  of  iron,  and  some 
specks  of  a  green  mineral ;  there  are  veins  and  nests 
filled  with  epidote :  certainly  a  submarine  lava. 
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20th.  Many  thin  strata  of  compact,  fine-grained, 
pale  pnrple  sandstone. 

21st.  Gypsam  in  a  nearly  pure  state,  about  300  feet 
in  thickness :  this  bed,  in  its  concretions  of  anhydrite 
and  layers  of  small  blackish  crystals  of  carbonate  of 
lime,  exactly  resembles  the  great  gypseous  beds  in  the 
Peuquenes  range. 

22nd.  Pale  purple  and  reddish  sandstone,  as  in  bed 
20 :  about  300  feet  in  thickness. 

23rd.  A  thick  mass  composed  of  layers,,  often  as 
thin  as  paper  and  convoluted,  of  pure  gypsum  with 
others  very  impure,  of  a  purplish  colour. 

24th.  Pure  gypsum,  thick  mass. 

25th.  Bed  sandstones,  of  great  thickness. 

26th.  Pure  gypsum,  of  great  thickness. 

27th.  Alternating  layers  of  pure  and  impure  gypsum, 
of  great  thickness . 

I  was  not  able  to  ascend  to  these  few  last  great 
strata,  which  compose  the  neighbouring  loftiest  pin- 
nacles. The  thickness,  from  the  lowest  to  the  uppermost 
bed  of  gypsum,  cannot  be  less  than  2,000  feet :  the  beds 
beneath  I  estimated  at  3,000  feet,  and  this  does  not 
include  either  the  lower  parts  of  the  porphyritic  conglo- 
merate, or  the  altered  clay-slate ;  I  conceive  the  total 
thickness  must  be  about  6,000  feet.  I  distinctly 
observed  that  not  only  the  gypsum,  but  the  alternating 
sandstones  and  conglomerates  were  lens-shaped,  and 
repeatedly  thinned  out  and  replaced  each  other :  thus 
in  the  distance  of  about  a  mile,  a  bed  300  feet  thick  of 
sandstone  between  two  beds  of  gypsum,  thinned  out  to 
nothing  and  disappeared.  The  lower  part  of  this  section 
differs  remarkably, — ^in  the  much  greater  diversity  of 
its  mineralogical  composition, — in  the  abundance  of 
calcareous  matter, — in  the  greater  coarseness  of  some 
of  the  conglomerates, — and  in  the  numerous  particles 
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and  well  rounded  pebbles,  sometimes  of  large  size,  of 
quartz, — from  any  other  section  hitherto  described  in 
Chile.  From  these  peculiarities,  and  from  the  lens- 
form  of  the  strata,  it  is  probable  that  this  great  pile  of 
strata  was  accumulated  on  a  shallow  and  verv  uneven 
bottom,  near  some  pre-existing  land  foimed  of  various 
porphyries  and  quartz-rock.  The  formation  of  por- 
phyritic  clay-stone  conglomerate  does  not  in  this  section 
attain  nearly  its  ordinary  thickness;  this  may  he  partly 
attributed  to  the  metamorphic  action  having  been  here 
much  less  energetic  than  usual,  though  the  lower  beds 
have  been  affected  to  a  certain  degree.  If  it  had  been 
as  energetic  as  in  most  other  parts  of  Chile,  many  of 
the  beds  of  sandstone  and  conglomerate,  containing 
rounded  masses  of  porphyry,  would  doubtless  have  been 
converted  into  porphyritic  conglomerate;  and  these 
would  have  alt/ernated  with,  and  even  blended  into, 
crystalline  and  porphyritic  strata  without  a  trace  of 
mechanical  structure, — namely,  into  those  which,  in  the 
present  state  of  the  section,  we  see  are  unquestionably 
submarine  lavas. 

The  beds  of  gypsum,  together  with  the  red  alternat- 
ing sandstones  and  conglomerates,  present  so  perfect 
and  curious  a  resemblance  with  those  seen  in  our  former 
section  in  the  basin-valley  of  Yeso,  that  I  cannot  doubt 
the  identity  of  the  two  formations  :  I  may  add,  that  a 
little  westward  of  the  P.  del  Inca,  a  mass  of  gypsum 
passed  into  a  fine-grained,  harb  ,drown  sandstone,  which 
contained  some  layers  of  black,  calcareous,  compact, 
shaly  rock,  precisely  like  that  seen  in  such  vast  masses 
on  the  Peuquenes  range. 

Near  the  Puente  del  Inca,  numerous  fragments  of 
limestone,  containing  some  fossil  remains,  were  scattered 
on  the  ground :  these  fragments  so  perfectly  resemble 
the  limestone  of  bed  No.  8,  in  which  I  saw  impressions 
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of  shells,  that  I  have  no  doabt  they  have  fallen  from  it. 
The  yellow  magnesian  limestone  of  bed  No.  10,  which, 
also  includes  traces  of  shells,  has  a  different  appearance. 
These  fossils  (as  named  by  M.  d'Orbigny)  consist  of — 

Gryphaea,  near  to  G.  Cniiloni  (Neocomian  formation). 
Area,  perhaps  A.  GahrielU,  d'Orbig.  *  Pal.  Franc' (Neocomian  for> 
mation). 

Mr.  Pentland  made  a  collection  of  shells  from  this 
same  spot,  and  Von  Buch  ^  considers  them  as  consisting 
of— 

Trigonia,  resembling  in  form  T.  eostata, 

Pholadomya,  like  one  found  by  M.  Dafresnoy  near  Alen^on. 

Isocardiaezcentrica,  Voltz.,  identical  with  that  from  the  Jura. 

Two  of  these  shells,  namely,  the  Gryphaea  and 
Trigonia,  appear  to  be  identical  with  species  collected 
by  Meyen  and  myself  on  the  Penquenes  range ;  and  in 
the  opinion  of  Von  Buch  and  M.  d'Orbigny,  the  two 
formations  belong  to  the  same  age.  I  must  here  add, 
that  Professor  E.  Forbes,  who  has  examined  my  speci- 
mens from  this  place  and  from  the  Penquenes  range, 
has  likewise  a  strong  impression  that  they  indicate  the 
Cretaceous  period,  and  probably  an  early  epoch  in  it : 
80  that  all  the  palaeontologists  who  have  seen  these 
fossils  nearly  coincide  in  opinion  regarding  their  age. 
The  limestone,  however,  with  these  fossils  here  lies  at 
the  very  base  of  the  formation,  just  above  the  porphyritic 
conglomerate,  and  certainly  several  thousand  feet  lower 
in  the  series,  than  the  equivalent,  fossiliferous,  black, 
shaly  rocks  high  up  on  the  Peuquenes  range. 

It  is  well  worthy  of  remark  that  these  shells,  or  at 
least  those  of  which  I  saw  impressions  in  the  limestone 
(bed  No.  3),  must  have  been  covered  np,  on  the  least 
computation,   by  4,000  feet  of  strata :  now  we  know 

•  •  Descript.  Phrs.  des  Hes  Can* p.  472. 
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from  Professor  E.  Forbes's  researches,  that  the  sea  at 
greater  depths  than  600  feet  becomes  exceedingly 
barren  of  organic  beings, — ^a  resnlt  quite  in  accordance 
with  what  little  I  have  seen  of  deep-sea  soundings. 
Hence,  after  this  limestone  with  its  shells  was  deposited, 
the  bottom  of  the  sea  where  the  main  line  of  the 
Cordillera  now  stands,  must  have  subsided  some  thou- 
sand feet  to  allow  of  the  deposition  of  the  superincum- 
bent submarine  strata.  Without  supposing  a  movement 
of  this  kind,  it  would,  moreover,  be  impossible  to 
understand  the  accumulation  of  the  several  lower  strata 
of  coarse^  well-rounded  conglomerates,  which  it  is 
scarcely  possible  to  believe  were  spread  out  in  profoundly 
deep  water,  and  which,  especially  those  containing 
pebbles  of  quartz,  could  hardly  have  been  rounded  in 
Bubmarine  cratere  and  afterwards  ejected  from  them,  as 
I  believe  to  have  been  the  case  with  much  of  the 
porphyritic  conglomerate  formation.  I  may  add  that, 
in  Professor  Forbes's  opinion,  the  above-enumerated 
species  of  MoUusca  probably  did  not  live  at  a  much 
greater  depth  than  twenty  fathoms,  that  is  only  120 
feet. 

To  return  to  our  section  down  the  valley :  standing 
on  the  great  N.  by  W.  and  S.  by  E.  uniclinal  axis  of 
the  Puente  del  Inca,  of  which  a  section  has  just  been 
given,  and  looking  north-east,  great  tabular  masses  of 
the  Gypseous  formation  [E  K]  could  be  seen  in  the 
distance,  very  slightly  inclined  towards  the  east.  Lower 
down  the  valley,  the  mountains  are  almost  exclusively 
composed  of  porphyries,  many  of  them  of  intrusive 
origin  and  non-stratified,  others  stratified,  but  with  the 
stratification  seldom  distinguishable  except  in  the 
upper  parte.  Disregarding  local  disturbances,  the  beds 
are  either  horizontal  or  inclined  at  a  small  angle  east- 
wards :  hence,  when  standing  on  the  plain  of  Uspallata 
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and  looking  to  the  west  or  backwards,  the  Cordillera 
appear  composed  of  hage,  square,  nearly  horizontal, 
tabular  masses :  so  wide  a  space,  with  such  lofty  monn* 
tains  so  equably  elevated,  is  rarely  met  with  within  the 
Cordillera.  In  this  line  of  section,  the  interval  between 
the  Puente  del  Inca  and  the  neighbourhood  of  the 
Cumbre,  includes  all  the  chief  axes  of  dislocation. 

The  altered  clay-slate  formation,  already  described, 
is  seen  in  several  parts  of  the  valley  as  far  down  as  Las 
Yacas,  underlying  the  porphyritic  conglomerate.  At 
the  Casa  de  Pujios  [L],  there  is  a  hummock  of  (ande- 
sitic  ?)  granite ;  and  the  stratification  of  the  surrounding 
mountains  here  changes  from  W.  by  S.  to  SW.  Again, 
near  the  R.  Vacas  there  is  a  larger  formation  of  (ande- 
sitic?)  granite  [M],  which  sends  a  mesh-work  of  veins 
into  the  superincumbent  clay-slate,  and  which  locally 
throws  off  the  strata,  on  one  side  to  NW.  and  on  the 
other  to  SE.  but  not  at  a  high  angle :  at  the  junction, 
the  clay-slate  is  altered  into  fine-grained  greenstone. 
This  granitic  axis  is  intersected  by  a  green  dike,  which 
I  mention,  because  I  do  not  remember  having  elsewhere 
seen  dikes  in  this  lowest  and  latest  intrusive  rock. 
From  the  R  Vacas  to  the  plain  of  Uspallata,  the  valley 
runs  NE.,  so  that  I  have  had  to  contract  my  section ; 
it  mns  exclusively  through  porphyritic  rocks.  As  far 
as  the  Pass  of  Jaula,  the  clay-stone  conglomerate  forma- 
tion, in  most  parts  highly  porphyritic,  and  crossed  by 
numerous  dikes  of  greenstone-porphyry,  attains  a  great 
thickness :  there  is  also  much  intrusive  porphyry.  From 
the  Jaula  to  the  plain,  the  stratification  has  been  in 
most  places  obliterated,  except  near  the  tops  of  some  of 
the  mountains ;  and  the  metamorphic  action  has  been 
extremely  great.  In  this  space,  the  number  and  bulk 
of  the  intrusive  masses  of  differently  coloured  porphyries, 
injected  one  into  another  and  intersected  by  dikes,  is 
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truly  extraordinary.  I  saw  one  monntain  of  whitish 
porphyiy,  from  which  two  huge  dikes,  thinning  out, 
branched  downwards  into  an  adjoining  blackish  por- 
phyry. Another  hill  of  white  porphyry,  which  had 
burst  through  dark*coloured  strata,  was  itself  injected 
by  a  purple,  brecciated,  and  recemented  porphyry,  both 
being  crossed  by  a  green  dike,  and  both  having  been 
upheaved  and  injected  by  a  granitic  dome.  One  brick- 
red  porphyry,  which  above  the  Jaula  forms  an  isolated 
mass  in  the  midst  of  the  porphyritic  conglomerate 
formation,  and  lower  down  the  valley  a  magnificent 
group  of  peaked  mountains,  differs  remarkably  from 
all  the  other  porphyries.  It  consists  of  a  red  feldspathic 
base,  including  some  rather  large  crystals  of  red  feldspar, 
numerous  large  angular  grains  of  quai*tz,  and  little  bits 
of  a  soft  green  mineral  answering  in  most  of  its  charac- 
ters to  soap-stone.  The  crystals  of  red  feldspar  resemble 
in  external  appearance  those  of  orthite,  though,  from 
being  partially  decomposed,  I  was  unable  to  measure 
them ;  and  they  certainly  are  quite  unlike  the  variety, 
so  abundantly  met  with  in  almost  all  the  other  rocks  of 
this  line  of  section,  and  which,  wherever  I  tried  it, 
cleaved  like  albite.  This  brick-red  porphyry  appears 
to  have  burst  through  all  the  other  porphyries,  and 
numerous  red  dikes  traversing  the  neighbouring  moun« 
tains  have  proceeded  from  it:  in  some  few  places, 
however,  it  was  intersected  by  white  dikes.  From  this 
posteriority  of  intrusive  origin, — from  the  close  general 
resemblance  between  this  red  porphyry  and  the  red 
granite  of  the  Portillo  line,  the  only  difference  being 
that  the  feldspar  here  is  less  perfectly  granular,  and 
that  soap-stone  replaces  the  mica,  which  is  there  im- 
perfect and  passes  into  chlorite, — and  from  the  Portillo 
line  a  little  southward  of  this  point  appearing  to  blend 
(according  to  Dr.  Gillies)  into  the  western  ranges, — ^I 
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am  strongly  nrged  to  believe  (as  formerly  remarked) 
that  the  grand  mountain-masses  composed  of  this  brick- 
red  porphyry  belong  to  the  same  axis  of  injection  with 
the  granite  of  the  Portillo  line :  if  so,  the  injection  of 
this  porphyry  probably  took  place,  as  long  subsequently 
to  the  several  axes  of  elevation  in  the  gypseous  forma- 
tion near  the  Gumbre,  as  the  injection  of  the  Portillo 
granite  has  been  shown  to  have  been  subsequent  to  the 
elevation  of  the  gypseous  strata  composing  the  Peu- 
quenes  range ;  and  this  interval,  we  have  seen,  must 
have  been  a  very  long  one. 

The  Plain  of  Uspallata  has  been  briefly  described 
in  Chap.  X. ;  it  resembles  the  basin-plains  of  Chile ; 
it  is  ten  or  fifteen  miles  wide,  and  is  said  to  extend  for 
180  miles  northward;  its  surface  is  nearly  6,000  feet 
above  the  sea;  it  is  composed,  to  a  thickness  of  some 
hundred  feet  of  loosely  aggregated,  stratified  shingle, 
which  is  prolonged  with  a  gently  sloping  surface  up  the 
valleys  in  the  mountains  on  both  sides.  One  section 
in  this  plain  [Z^  is  interesting,  from  the  unusual  ^  cir^ 
cumstance  of  alternating  layers  of  almost  loose  red  and 
whit.6  sand  with  lilies  of  pebbles  (from  the  size  of  a  nut 
to  that  of  an  apple),  and  beds  of  gravel,  being  inclined 
at  an  angle  of  45%  and  in  some  spots  even  at  a  higher 
angle.  These  beds  are  dislocated  by  small  faults  :  and 
are  capped  by  a  thick  mass  of  horizontally  stratified 
gravel,  evidently  of  subaqueous  origin.  Having  been 
accustomed  to  observe  the  irregularities  of  beds  accu- 
mulated nnder  currents,  I  feel  sure  that  the  inclination 
here  has  not  been  thus  produced.  The  pebbles  consist 
chiefly  of  the  brick-red  porphyry  just  described  and  of 
white  gpanite,  both  probably  derived  from  the  ranges 
to  the  west,  and  of  altered  clay-slate  and  of  certain 

■  I  find  that  Mr.  Smith,  of  Jordanhill,  hag  described  (*  Edinhnrgh 
New  Phil.  JuariL'  toI.  xzv.  p.  392)  beds  of  saod  and  gravel,  near  Edio* 
buigb,  tilted  at  an  angle  of  60®,  and  dislocated  by  miniature  faiiiu 
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porphyries,  apparently  belonging  to  the  rocks  of  the 
Uspallata  chain.  This  plain  corresponds  geographically 
with  the  valley  of  Tennyan  between  the  Portillo  and 
Peaqaenes  ranges  ;  but  in  that  valley  the  shingle, 
which  likewise  has  been  derived  both  from  the  eastern 
and  western  ranges,  has  been  cemented  into  a  hard  con- 
glomerate, and  has  been  throughout  tilted  at  a  con- 
siderable inclination ;  the  gi'avel  there  apparently  attains 
a  much  greater  thickness^  and  is  probably  of  higher 
antiquity. 

Ths  Uspallata  Range. — ^The  road  by  the  Villa 
Yicencio  Pass  does  not  strike  directly  across  the  range, 
but  runs  for  some  leagues  northward  along  its  western 
base  :  and  I  must  briefly  describe  the  rocks  here  seen, 
before  continuing  with  the  coloured  east  and  west  section. 
At  the  mouth  of  the  valley  of  Canota,  and  at  several 
points  northwards,  there  is  an  extensive  formation  of  a 
glossy  and  harsh,  and  of  a  feldspathic  clay-slate,  includ- 
ing strata  of  grauwacke,  and  having  a  tortuous,  nearly 
vertical  cleavage,  traversed  by  numerous  metalliferous 
veins  and  others  of  quartz.  The  clay-slate  is  in  many 
parts  capped  by  a  thick  mass  of  fra^ents  of  the  same 
" .  rock,  firmly  recemented ;  and  both  together  have  been 

,/^  injected  and   broken   up  by  very  numerous  hillocks, 

ranging  north  and  south,  of  lilac,  white,  dark  and 
salmon-coloured  poi'phyries:  one  steep,  now  denuded, 
hillock  of  porphyry  had  its  face  as  distinctly  impressed 
with  the  angles  of  a  fragmentary  mass  of  the  slate,  with 
some  of  the  points  still  remaining  embedded,  as  sealing- 
wax  could  be  by  a  seal.  At  the  mouth  of  this  same 
valley  of  Canota,  in  a  fine  escarpment  having  the  strata 
dipping  from  50"^  to  60""  to  the  N£.,^  the  clay-date 

*  Nearly  opposite  to  this  escarpment,  there  is  another  oorrespond- 
ing  one,  with  the  strata  dipping  not  to  the  ezactlf  opposite  point,  or 
8W.,  bnt  to  88W. :  conseqaently  the  two  escarpments  trend  towwtU 
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formation  is  Heen  to  be  covered  by  (1st),  a  purple  clay- 
stone  porphyry  resting  nncouformably  in  some  parts 
on  the  solid  slate,  and  in  others  on  a  thick  fragmentary 
mass :  (2nd),  a  conformable  stratum  of  compact  blackish 
rock,  having  a  spheroidal  stractare,  full  of  minute 
adcular  crystals  of  glassy  feldspar,  with  red  spots  of 
oxide  of  iron :  (3rd),  a  great  stratum  of  purplish-red 
clay-stone  porphyry,  abounding  with  crystals  of  opaque 
feldspar,  and  laminated  with  thin,  parallel,  oflen  short, 
layers,  and  likewise  with  great  irregular  patches  of 
white,  earthy,  semi-crystalline  feldspar;  this  rock 
(which  I  noticed  in  other  neighbouring  places)  per- 
fectly resembles  a  curious  variety  described  at  Port 
Desire,  and  occasionally  occurs  in  the  great  porphyritic 
conglomerate  formation  of  Chile :  (4th),  a  thin  stratum 
of  greenish-white,  indurated  tuff,  fusible  and  containing 
broken  crystals  and  particles  of  porphyries:  (5th),  a 
grand  mass,  imperfectly  columnar  and  divided  into 
three  parallel  and  closely  joined  strata,  of  cream- 
coloured  claystone  porphyry :  (6th),  a  thick  stratum  of 
lilac-coloured  porphyry,  which  I  could  see  was  capped 
by  another  bed  of  the  cream-coloured  variety:  I  was 
unable  to  examine  the  still  higher  parts  of  the  escarp- 
ment. These  conformably  stratified  porphyries,  though 
none  are  either  vesicular  or  amygdaloidal,  have  evi- 
dently flowed  as  submarine,  lavas:  some  of  them  are 
separated  from  each  other  by  seams  of  indurated  tuff, 
which,  however,  are  quite  insignificant  in  thickness 
compared  with  the  porphyries.  This  whole  pile 
resembles,  but  not  very  closely,  some  of  the  less 
brecciated  parts  of  the  great  porphyritic  conglomerate 
formation  of  Chile ;  but  it  does  not  probably  belong  to 
the  same  age,  as  the  porphyries  here  rest  unconformably 

each  other,  and  some  miles  south wjiid  they  become  actaally  tinitodi 
this  is  a  fonn  of  elevation  which  I  have  not  elsewhere  seen* 
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on  the  altered  feldspathic  clay-sIate,  whereas  the  por- 
phyritic  conglomerate  formation  alternates  with  and 
rests  conformably  on  it.  These  porphyries,  moreover^ 
with  the  exception  of  the  one  blackish  stratum,  and  of 
the  one  indurated,  white  tufaceous  bed,  differ  from  tlie 
beds  composing  the  Uspallata  range  in  the  line  of  the 
Villa  Vicencio  Pass. 

I  will  now  give,  first,  a  sketch  of  the  structure  of  the 
range,  as  represented  in  the  coloured  section,  and  will 
then  describe  its  composition  and  interesting  history. 
At  its  western  foot,  a  hillock  [N]  is  seen  to  rise  out  of 
the  plain,  with  its  strata  dipping  at  70°  to  the  west, 
fronted  by  strata  [O]  inclined  at  45°  to  the  east,  thus 
forming  a  little  north  and  south  anticlinal  axis.  Some 
other  little  hillocks  of  similar  composition,  with  their 
strata  highly  inclined,  range  NE.  and  SW.,  obliquely 
to  the  main  Uspallata  line.  The  cause  of  these  dislo- 
cations, which,  though  on  a  small  scale,  have  been  vio- 
lent and  complicated,  is  seen  to  lie  in  hummocks  of 
lilac,  purple  and  red  porphyries,  which  have  been  in- 
jected in  a  liquefied  state  through  and  into  the  under- 
lying day-slate  formation.  Several  dikes  were  exposed 
here,  but  in  no  other  part,  that  I  saw  of  this  range. 
As  the  strata  consist  of  black,  white,  greenish,  and 
brown  coloured  rocks,  and  as  the  intrusive  porphyries 
are  so  brightly  tinted,  a  most  extraordinary  view  was 
presented,  like  a  coloured  geological  drawing.  On  the 
gently  inclined  main  western  slope  [P  P],  above  the 
little  anticlinal  ridges  just  mentioned,  the  strata  dip  at 
an  average  angle  of  25°  to  the  west ;.  the  inclination  in 
some  places  being  only  10°,  in  some  few  others  as  much 
as  45°.  The  masses  having  these  different  inclinations, 
are  separated  from  each  other  by  parallel  vertical  faults 
[as  represented  at  P  a],  often  giving  rise  to  separate, 
parallel,  oniclinal   ridges.     The  summit  of  the  main 
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range  is  broad  and  undulatory,  with  the  stratification 
undalatory  and  irregular :  in  a  few  places  granitic  and 
porphyritic  masses  [Q]  protrude,  which,  from  the  small 
effect  they  have   locally   produced  in   deranging  the 
strata,  probably  form   the  upper  points  of  a  regular, 
great  underlying  dome.   These  denuded  granitic  points, 
I  estimated  at  about  9,000  feet  in  height  above  the  sea. 
On  the  eastern  slope,  the  strata  in  the  upper  part  are 
regularly  inclined  at  about  25°  to  the  east,  so  that  the 
summit  of  this  chain,  neglecting  small  irregularities, 
forms  a  broad  anticlinal  axis.     Lower  down,  however, 
near  Los  Homillos  [B],  there  is  a  well-marked  synclinal 
axis,  beyond  which  the  strata  are  inclined  at  nearly  the 
same  angle,  namely  from  20°  to  30°,  inwards  or  west- 
ward.    Owing  to  the  amount  of  denudation  which  this 
chain  has  suffered,  the  outline  of  the  gently  inclined 
eaetem  flank  scarcely  offers  the  slightest  indication  of 
this  synclinal  axis.     The  stratified  beds,  which  we  have 
hitherto  followed  across  the  Tange,  a  little  farther  down 
are  seen  to  lie,'!  believe  unconformably,  on  a  broad 
mountaiuous  band  of  clay-slate  and  grauwacke.     The 
strata  and  laminae  of  this  latter  formation,  on  the  ex- 
treme    eastern   flank,   are    generally  nearly  vertical  ^ 
further  inwards  they  become  inclined  from  45°  to  80° 
to  the  west:  near  Villa  Vicencio  [S]  there  is  apparently 
an  anticlinal  axis,  but  the  structure  of  this  outer  part 
of  the  clay-slate  formation  is  so  obscure,  that  I  have  not 
marked  the  planes  of  stratification  in  the  coloured  sec- 
tion.    On  the  margin  of  the  Pampas,  some  low,  much 
dislocated  spurs  of  this  same  formation,  project  in  a 
north-easterly  line,  in  the  same  oblique  manner  as  do 
the  ridges  on  the  western  foot,  and  as  is  so  frequently 
the  case  with  those  at  the  base  of  the  main  Cordillera. 

I  will  now  describe  the  nature  of  the  beds,  begin- 
ning at  the  base  on  the  eastern  side.     First,  for  the 
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clay-slate  formation :  the  slate  is  generally  hard  and 
bluish,  with  the  laminae  cx>ated  by  minute  micaceous 
scales ;  it  alternates  many  times  with  a  coarse-grained, 
greenish  grauwacke,  containing  rounded  fragments  of 
quartz  and  bits  of  slate  in  a  slightly  calcareous  basis. 
The  slate  in  the  upper  part  generally  becomes  purplish, 
and  the  cleavage  so  irregular' that  the  whole  consists 
of  mere  splinters.  Transverse  veins  of  quartz  are 
numerous.  At  the  Calera,  some  leagues  distant,  there 
is  a  dark  crystalline  limestone,  apparently  included  in 
this  formation.  With  the  exception  of  the  grauwacke 
being  here  more  abundant,  and  the  clay-slate  less  altered, 
this  formation  closely  resembles  that  unconformably 
underlying  the  porphyries  at  the  western  foot  of  this 
same  range;  and  likewise  that  alternating  with  the 
porphyritic  conglomerate  in  the  main  Cordillera.  This 
formation  is  a  considerable  one,  and  extends  several 
leagues  southward  to  near  Mendoza:  the  mountains 
composed  of  it  rise  to  a  height  of  about  2,000  feet 
above  the  edge  of  the  Pampas,  or  about  7,000  feet 
above  the  sea.* 

Secondly :  the  most  usual  bed  on  the  clay-slate  is 
a  coarse,  white,  slightly  calcareous  conglomerate,  of  no 
great  thickness,  including  broken  crystals  of  feldspar, 
grains  of  quartz,  and  numerous  pebbles  of  brecciated 
clay-stone  porphyry,  but  without  any  pebbles  of  the 
underlying  clay-slate.  I  nowhere  saw  the  actual  junc- 
tion between  this  bed  and  the  clay-slate,  though  I  spent 
a  whole  day  in  endeavouring  to  discover  their  relations. 
In  some  places  I  distinctly  saw  the  white  conglomerate 
and  overlying  beds  inclined  at  from  25^  to  30°  to  the 
west,  and  at  the  bottom  of  the  same  mountain,  the 
clay-slate  and  grauwacke  inclined  to  the  same  point,  but 

'  I  infer  this  from  the  height  of  V.  Viceocio,  which  was  ascer^ 
kained  by  Mr.  Miers  to  be  6,328  feet  aboye  the  sea. 
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at  an  angle  from  70°  to  80° :  in  one  instance,  the  clay- 
slate  dipped  not  only  at  a  different  angle,  but  to  a 
different  point  from  the  overlying  formation.  In  these 
cases  the  two  formations  certainly  appeared  quite  un- 
conformable: moreover,  I  found  in  the  clay-slate  one 
great,  vertical,  dike-like  fissure,  filled  up  with  an  in- 
durated whitish  tuff,  quite  similar  to  some  of  the  upper 
beds  presently  to  be  described ;  and  this  shcvs  that  the 
clay-slate  must  have  been  consolidated  and  dislocated 
before  their  deposition.  On  the  other  hand,  the  strati- 
fication of  the  slate  and  grauwacke,^  in  some  cases  gra- 
dually and  -entirely  disappeared  in  approaching  the 
overlying  white  conglomerate;  in  other  cases  the 
stratification  of  the  two  formations  became  strictly  con- 
formable; and  again  in  other  cases,  there  was  some 
tolerably  well  characterised  clay-slate  lying  above  the 
conglomerate.  The  most  probable  conclusion  appears 
to  be,  that  after  the  clay-slate  formation  had  been  dis- 
located and  tilted,  but  whilst  under  the  sea,  a  fresh  and 
more  recent  deposition  of  clay-slate  took  place,  on  which 
the  white  conglomerate  was  conformably  deposited,  with 
here  and  there  a  thin  intercalated  bed  of  clay-slate.  On 
this  view  the  white  conglomerates  and  the  presently  to 
be  described  tuffs  and  lavas  are  really  nnconformable 
to  the  main  part  of  the  clay-slate ;  and  this,  as  we  have 
seen,  certainly  is  the  case  with  the  clay- stone  lavas  in 
the  valley  of  Canota,  at  the  western  and  opposite  base 
of  the  range. 

Thirdly :  on  the  white  conglomerate,  strata  several 

*  The  coarra,  mechanical  structure  of  many  granwackefl  has  always 
appeared  to  me  a  difficulty;  for  the  texture  of  the  associated  clay- 
slate  and  the  nature  of  the  embedded  organic  remains  where  present, 
indicate  that  the  whole  has  been  a  deep-water  deposit.  Whence  have 
the  sometimes  include<l  angular  fragments  of  clay-slate,  and  the 
rounded  masses  of  quartz  and  other  rocks,  been  derived  7  Many 
deep-water  limeFtones,  it  is  well  known,  have  been  brecciated,  and 
then  firmly  recemented. 


522       Sectiyn  of  the  Uspallata  Range,      pabt  n. 

bundred  feet  in  thickness  are  superimposed,  varying 
much  in  nature  in  short  distances:  the  commonest 
variety  is  a  white,  much  indurated  tuff,  sometimes 
slightly  calcareous,  with  ferruginous  spots  and  water- 
lines,  often  passing  into  whitish  or  purplish  compact, 
fine-grained  grit  or  sandstones ;  other  varieties  become 
semi-porcellanic,  and  tinted  faint  green  or  blue ;  others 
pass  into  an  indurated  shale :  most  of  these  varieties 
are  easily  fusible. 

Fourthly :  a  bed,  about  100  feet  thick,  of  a  compact, 
partially  columnar,  pale-gray,  feldspathic  lava,  stained 
with  iron,  including  very  numerous  crystals  of  opaque 
feldspar,  and  with  some  crystallised  and  disseminated 
calcareous  matter.  The  tufaceous  stratum  on  which 
this  feldspathic  lava  rests  is  mucb  hardened,  stained 
purple,  and  has  a  spherico-concretionaiy  structure; 
it  here  contains  a  good  many  pebbles  of  clay-stone 
porphyry. 

Fifthly :  thin  beds,  400  feet  in  thickness,  varying 
much  in  nature,  consisting  of  white  and  ferruginous 
tuffs,  in  some  parts  having  a  concretionary  structure,  in 
others  containing  rounded  grains  and  a  few  pebbles  of 
quartz;  also  passing  into  hard  gritstones  and  into 
greenish  mudstones :  there  is,  also,  much  of  a  bluish- 
gray  and  green  semi-poroellanic  stone. 

Sixthly :  a  volcanic  stratum,  250  feet  in  thickness, 
of  so  varying  a  nature  that  I  do  not  believe  a  score  of 
specimens  would  show  all  the  varieties ;  much  is  highly 
amygdaloidal,  much  compact;  there  are  greenish, 
blackish,  purplish,  and  gray  varieties,  rarely  including 
crystals  of  green  augite  and  minute  acicular  ones  of 
feldspar,  but  often  crystals  and  amygdaloidal  masses  of 
white,  red,  and  black  carbonate  of  lime.  Some  of  the 
blackish  varieties  of  this  rock  have  a  conchoidal  fracture 
and  resemble  basalt :  others  have  an  irregular  fracture. 
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Some  of  the  gray  and  purplish  varieties  are  thickly 
speckled  with  green  earth  and  with  white  crystalline 
carbonate  of  lime;  others  are  largely  amy  gdaloidal  with 
green  earth  and  calcareous  spar.  Again,  other  earthy 
varieties  of  greenish,  purplish  and  gray  tints,  contain 
much  iron,  and  are  almost  half-composed  of  amygdaloidal 
balls  of  dark  brown  bole,  of  a  whitish  indurated  feld- 
spathic  matter,  of  bright  green  earth,  of  agate,  and  of 
black  and  white  crystallised  carbonate  of  lime.  All  these 
varieties  are  easily  fusible.  Viewed  from  a  distance, 
the  line  of  junction  with  the  underlying  semi-porcel- 
lanic  strata  was  distinct ;  but  when  examined  closely, 
it  was  impossible  to  point  out  within  a  foot  where  th& 
lava  ended  and  where  the  sedimentary  mass  began :  the 
rock  at  the  time  of  junction  was  in  most  places  hard,  of, 
a  bright  green  colour,  and  abounded  with  irregular 
amygdaloidal  masses  of  ferruginous  and  pure  calcareous 
spar,  and  of  agate. 

Seventhly :  strata,  eighty  feet  in  thickness,  of  various 
indurated  tuffs,  as  before ;  many  of  the  varieties  have  a 
fine  basis  including  rather  coarse  extraneous  particles ; 
some  of  them  are  compact  and  semi-porcellanic,  and 
include  vegetable  impressions. 

Eighthly :  a  bed,  about  fifty  feet  thick,  of  greenish- 
gray,  compact,  feldspathic  lava,  with  nmnerons  small 
crystals  of  opaque  feldspar,  black  augite,  and  oxide  of 
iron.  The  junction  with  the  bed  on  which  it  rested, 
was  ill  defined;  balls  and  masses  of  the  feldspathic 
rock  being  enclosed  in  much  altered  tuff. 

Ninthly :  indurated  tuffs,  as  before. 

Tenthly:  a  conformable  layer,  less  than  two  feet 
in  thickness,  of  pitchstone,  generally  brecciated,  and 
traversed  by  veins  of  agate  and  of  carbonate  of  lime : 
parts  are  composed  of  apparently  concretionary  frag* 
ments  of  a  more  perfect  variety,  arranged  in  horizontal 
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lines  in  a  less  perfectly  characterised  variety.  I  have 
much  difficulty  in  believing  that  this  thin  layer  of 
pitchstone  flowed  as  lava. 

Eleventhly:  sedimentary  and  tufaceous  beds  as 
before,  passing  into  sandstone,  including  some  con- 
glomerate :  the  pebbles  in  the  latter  are  of  clay-stone 
porphyry,  well  rounded,  and  some  as  large  as  cricket- 
balls. 

Twelf  thly :  a  bed  of  compact,  sonorous,  feldspathic 
lava,  like  that  of  bed  No.  8,  divided  by  numerous  joints 
into  large  angular  blocks. 

Thirbeenthly :  sedimentary  beds  as  before.  Fonr- 
teenthly:  a  thick  bed  of  greenish  or  grayish  black, 
compact  basalt  (fusing  into  a  black  enamel),  with  small 
crystals,  occasionally  distinguishable,  of  feldspar  and 
augite :  the  junction  with  the  underlying  sedimentary 
bed,  differently  from  that  in  most  of  the  foregoing 
streams,  here  was  quite  distinct : — the  lava  and  tufaceous 
matter  preserving  their  perfect  characters  within  two 
inches  of  each  other.  This  rock  closely  resembles 
certain  parts  of  that  varied  and  singular  lava-stream 
No.  6 ;  it  likewise  resembles,  as  we  shall  immediately 
see,  many  of  the  great  upper  beds  on  the  western  flank 
and  on  the  summit  of  this  range. 

The  pile  of  strata  here  described  attains  a  great 
thickness ;  and  above  the  last-mentioned  volcanic  stra- 
tum, the^e  were  several  other  great  tufaceous  beds 
alternating  with  submarine  lavas,  which  I  had  not  time 
to  examine ;  but  a  corresponding  series,  several  thou- 
sand feet  in  thickness,  is  well  exhibited  on  the  crest 
and  western  flank  of  the  range.  Most  of  the  lava- 
streams  on  the  western  side  are  of  a  jet-black  colour 
and  basaltic  nature;  they  are  either  compact  and 
fine-grained,  including  minute  crystals  of  augite  and 
feldspar,  or  they  are  coarse-grained  and  abound  with 
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rather  large  coppery-brown  crystals  of  an  aagitic  mine- 
ral.* Another  variety  was  of  a  dull-red  colour,  having 
a  clay-stone  brecciated  basis,  including  specks  of  oxide 
of  iron  and  of  calcareous  spar,  and  amygdaloidal  with 
green  earth :  there  were  apparently  several  other 
varieties.  These  submarine  lavas  ollen  exhibit  a  sphe- 
roidal, and  sometimes  an  imperfect  columnar  structure : 
their  upper  junctions  are  much  more  clearly  defined 
than  their  lower  junctions ;  but  the  latter  are  not  so 
much  blended  into  the  underlying  sedimentary  beds  as 
is  the  case  in  the  eastern  flank.  On  the  crest  and  west- 
ern flank  of  the  range,  the  streams,  viewed  as  a  whole, 
are  mostly  basaltic ;  whilst  those  on  the  eastern  side, 
which  stand  lower  in  the  series,  are,  as  we  have  seen, 
mostly  feldspathic. 

The  sedimentary  strata  alternating  with  the  lavas 
on  tl\e  crest  and  western  side,  are  of  an  almost  infinitely 
varying  nature ;  but  a  large  proportion  of  them  closely 
resemble  those  already  described  on  the  eastern  flank : 
there  are  white  and  brown,  indurated,  easily  fusible 
tufis, — some  passing  into  pale  blue  and  green  semi- 
porcellanic  rocks, — others  into  brownish  and  purplish 
sandstones  and  gritstones,  often  including  grains  of 
Quartz, — others  into  mudstone  containing  broken  crys- 
tals and  particles  of  rock",  and  occasionally  single  large 
pebbles.  There  was  one  stratum  of  a  bright  red,  coarse, 
volcanic  gritstone;  another  of  conglomerate;  another 
of  a  black,  indurated,  carbonaceous  shale  marked  with 
imperfect  vegetable  impressions ;  this  latter  bed,  which 
was  thin,  rested  on  a  submarine  lava,  and  followed  all 
the  considerable  inequalities  of  its  upper  surface.  Mr* 
Miers  states  that  coal  has  been  found  in  this  range. 
Lastly,  there  was  a  bed  (like  No.  10  on  the  eastern  flank) 

*  Very  easily  f  asible  i  nto  a  jet  black  bead,  attracted  by  the  magnet : 
the  crystal:*  arb  too  mnch  tarnished  to  be  measurcid  by  the  goniometer. 
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evidently  of  sedimentary  origin,  and  remarkable  from 
closely  approaching  in  character  to  an  imperfect  pitch- 
stone,  and  from  including  extremely  thin  layers  of  perfect 
pitchstone,  as  well  as  nodules  and  irregular  fragments 
(but  not  resembling  exlraneous  fragments)  of  this  same 
rock  arranged  in  horizontal  lines -:  I  conceive  that  this 
bed,  which  is  only  a  few  feet  in  thickness,  must  have 
assumed  its  present  state  through  metamorphic  and 
concretionary  action.  Most  of  these  sedimentary  strata 
are  much  indurated,  and  no  doubt  have  been  partially 
metamorphosed:  many  of  them  are  extraordinarily 
heavy  and  compact ;  others  have  agate  and  crystalline 
carbonate  of  lime  disseminated  throughout  them. 
Some  of  the  beds  exhibit  a  singular  concretionary  ar- 
rangement, with  the  curves  determined  by  tiie  lines  of 
fissure.  There  are  many  veins  of  agate  and  calcareous 
spar,  and  innumerable  ones  of  iron  and  other  metals, 
which  have  blackened  and  curiously  affected  the  sti-ata 
to  considerable  distances  on  both  sides. 

Many  of  these  tufaceous  beds  resemble,  with  the 
exception  of  being  more  indurated,  the  upper  beds  of 
the  great  Patagonian  Tertiary  formation,  especially 
those  variously  coloured  layers  high  up  the  river  Santa 
Cruz,  and  in  a  remarkable  degree  the  tufaceous  forma* 
tion  at  the  northern  end  of  Ghiloe.  I  was  so  much 
struck  with  this  resemblance,  that  I  particularly  looked 
out  for  silicified  wood,  and  found  it  under  the  following 
extraordinary  circumstances.  High  up  on  this  western 
fiank,^  at  a  height  estimated  at  7,000  feet  above  the 

>  For  the  information  of  any  fntnre  traTeller,  I  will  desoribe  the 
ppot  in  detail.  Proceeding  eastward  from  the  Agna  del  Zorro,  and 
afterwards  leaving  on  the  north  side  of  the  road  a  rancho  attached 
to  some  old  gold-mines,  you  pass  through  a  gully  with  low  but  steep 
rocks  on  each  hand :  the  road  then  bends,  and  the  ascent  becomes 
steeper.  A  few  hundred  yards  farther  on,  a  stone*s  throw  on  the 
south  side  of  the  road,  the  white  calcareous  stumps  may  be  seen. 
Hie  spot  is  about  half  a  mile  east  of  the  Agua  del  Zorro. 
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sea,  in  a  broken  escarpment  of  thin  strata,  composed  of 
compact  green  gritstone  passing  into  a  fine  madstone, 
and  alternating  with  layers  of  coarser,  brownish,  very 
heavy  madstone  including  broken  crystals  and  particles 
of  rock  almost  blended  together,  I  counted  the  stumps 
of  fifty-two  trees.  They  projectied  between  two  and 
five  feet  above  the  ground,  and  stood  at  exactly  right 
angles  to  the  strata,  which  were  here  inclined  at  an 
angle  of  about  25^  to  the  west.  Eleven  of  these  trees 
were  silicified  and  well  preserved :  Mr.  R.  Brown  has 
been  so  kind  as  to  examine  the  wood  when  sliced  and 
polii>hed;  he  says  it  is  coniferous,  partaking  of  the 
characters  of  the  Araucarian  tribe,  with  some  curious 
points  of  affinity  with  the  Tew.  The  bark  round  the 
trunks  must  have  been  circularly  furrowed  with  irregu- 
lar lines,  for  the  mudstone  round  them  is  thus  plainly 
marked.  One  cast  consisted  of  dark  argillaceous  lime- 
stone; and  forty  of  them  of  coarsdy  crystallised  car- 
bonate of  lime,  with  cavities  lined  by  quartz  crystals : 
these  latter  white  calcareous  columns  do  not  retain  any 
internal  structure,  but  their  external  form  plainly  shows 
their  origin.  All  the  stumps  have  nearly  the  same 
diameter,  varying  from  one  foot  to  eighteen  inches; 
some  of  them  stand  within  a  yard  of  each  other ;  they 
are  grouped  in  a  clump  within  a  space  of  about  sixty 
yards  across,  witb^  few  scattered  round  at  the  distance 
of  150  yai'ds.  They  all  stand  at  about  the  same  level. 
The  longest  stump  stood  seven  feet  out  of  the  ground : 
the  roots,  if  they  are  still  preserved,  are  buried  and 
concealed.  No  one  layer  of  the  mudstoqe  appeared 
much  darker  than  the  others,  as  if  it  had  formerly  ex- 
isted as  «oil,  nor  could  this  be  expected,  for  the  same 
agents  which  replaced  with  silex  and  lime  the  wood  of 
the  trees,  would  naturally  have  removed  all  vegetable 
matter  from  the  soil.     Besides  the  fifty-two  upright 
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trees,  there  were  a  few  fragments,  like  broken  branches, 
horizontally  embedded.  The  surrounding  strata  are 
crossed  by  veins  of  carbonate  of  lime,  agate,  and  oxide 
of  iron ;  and  a  poor  gold  vein  has  been  worked  not  far 
from  the  trees. 

The  green  and  brown  mudstone  beds  including  the 
trees,  are  conformably  covered  by  much  indurated, 
compact,  white  or  ferruginous  tuffs,  which  pass  upwards 
into  a  fine-grained,  purplish  sedimentary  rock :  these 
strata,  which,  together,  are  from  400  to  500  feet  in 
thickness,  rest  on  a  thick  bed  of  submarine-lava,  and 
are  conformably  covered  by  another  great  mass  of  fine- 
grained basalt,*  which  I  estimated  at  1 ,000  feet  in  thick- 
ness, and  which  probably  has  been  formed  by  more  than 
one  stream.  Above  this  mass  I  could  clearly  distin- 
guish five  conformable  alternations,  each  several  hun- 
dred feet  in  thickness,  of  stratified  sedimentary  rocks 
and  lavas,  such  as  have  been  previously  described. 
Certainly  the  upright  trees  have  been  buried  under 
several  thousand  feet  in  thickness  of  matter,  accumu- 
lated under  the  sea.  As  the  trees  obviously  must  once 
have  grown  on  dry  land,  what  an  enormous  amount  of 
subsidence  is  thus  indicated !  Nevertheless,  had  it  not 
been  for  the  trees  there  was  no  appearance  which  would 
have  led  any  one  even  to  have  conjectured  that  these 
strata  had  subsided.  As  the  land,  moreover,  on  which 
the  trees  grev,  is  formed  of  subaqueous  deposits,  of 
nearly  if  not  quite  equal  thickness  with  the  superin- 
cumbent strata,  and  as  these  deposits  are  regularly 
stratified  and  fine-grained,  not  like  the  matter  thrown 
up  on  a  sea-beach,  a  previous  upward  movement,  aided 

'  This  rock  is  quite  black,  and  fuses  into  a  black  bead,  attracted 
strongly  by  the  magnet ;  it  breaks  with  a  conchoidal  tractare ;  the 
included  crystals  of  augite  are  distinguishable  by  the  naked  eye,  but 
are  not  perfect  enough  to  be  measured:  there  are  many  minute 
Rcicular  crystals  of  glassy  feldspar. 
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no*doabt  by  the  great  accumalation  of  lavas  and  sedi- 
ment, is  ali»o  indicated.^ 

In  nearly  the  middle  of  the  range,  there  are  some 
hills  [Q],  before  alluded  to,  formed  of  a  kind  of  granite 
externally  resembling  andesite,  and  consisting  of  a 
white,  imperfectly  granular,  feldspathic  basis,  including 
some  perfect  crystals  apparently  of  albite  (but  I  was 
anable  to  measure  them),  much  black  mica,  epidote  in 
veins,  and  very  little  or  no  quartz.  Numerous  small 
veins  branch  from  this  rock  into  the  surrounding 
strata,'  and  it  is  a  singular  fact  that  these  veins,  though 
composed  of  the  same  kind  of  feldspar  and  small  scales 
of  mica  as  in  the  solid  rock,  abound  with  innumerable 
minute  rounded  grains  of  quaHz  :  in  the  veins  or  dikes 
also,  branching  from  the  great  granitic  axis  in  the  pen* 
insula  of  Tres  Montes,  I  observed  that  quartz  was  more 
abundant  in  them  than  in  the  main  rock :  I  have  heard 
of  other  analogous  cases :  can  we  account  for  this  fact, 
by  the  long-continued  vicinity  of  quartz  ^  when  cooling, 

*  At  first  I  imagined,  that  the  strata  with  the  trees  might  have 
b^en  accamulated  in  a  lake :  but  this  seems  highly  improbable ;  for, 
tirst,  a  very  deep  lake  was  necessary  to  receive  the  matter  below  the 
trees,  then  it  must  have  been  drained  for  their  growth,  and  afterwards 
re-formed  and  made  profoundly  deep,  so  a«  to  receive  a  subsequent 
accumulation  of  matter  stfceral  thnii'»7id  feet  in  thickness  And  all 
this  must  have  taken  place  neoessaxily  before  the  formation  of  the 
UspaUata  range,and  therefore  on  the  margin  of  the  wide  level  expanse 
of  the  Pampas  I  Hence  I  conclude,  that  it  is  infinitely  more  probable 
that  the  strata  were  accumulated  under  the  sea:  the  vast  amount  of 
denudation,  moreover,  which  this  range  has  suffered,  as  shown  by  the 
wide  valleys,  by  the  exposure  of  the  very  trees  and  by  other  appear- 
ances, could  have  been  etfected,  I  conceive,  only  by  the  long-continued 
action  of  the  sea ;  and  this  shows  that  ^  range  was  either  upheaved 
Irom  under  the  sea,  or  subsequently  let  down  into  it.  From  the 
natural  manner  in  which  the  stumps  (fifty-two  in  number)  uregrttvped 
in  a  clump^  and  from  their  all  standing  vertically  to  the  strata,  it  is 
superfluous  to  speculate  on  the  chance  of  the  trees  having  been  drifted 
from  adjulning  land,  and  deposited  upright :  I  may,  however,  mention 
that  the  late  Dr.  Malcolmson  assured  me,  that  he  ooce  met  in  the 
Indian  Ocean,  fifty  miles  from  land,  several  cocoa-nut  trees  floating 
upright,  owing  to  their  roots  being  loaded  with  earth. 

*  See  a  paper  by  M.  Eiie  de  Beaumont, « Soc.  Philomath.'  May, 
1839  («L'Institut,'  1839,  p.  IGl). 
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and  by  its  having  been  thus  more  easily  sacked  into 
fissures  than  the  other  constituent  minerals  of  granite. 
The  strata  encasing  the  flanks  of  these  granitic  or 
andesitic  masses,  and  forming  a  thick  cap  on  one  of 
their  summits,  appear  originally  to  have  been  of  the 
same  tufaceous  nature  with  the  beds  already  described, 
but  they  are  now  changed  into  porcellanic,  jaspery,  and 
crystalline  rocks,  and  into  others  of  a  white  colour  with 
a  harsh  texture,  and  having  a  siliceous  aspect,  though 
really  of  a  feldspathic  nature  and  fusible.  Both  the 
:  granitic  intrusive  masses  and  the  encasing  strata  are 
^penet^ated  by  innumerable  metallic  veins,  mostly  ferru- 
ginous and  auriferous,  but  some  containing  copper- 
pyrites  and  a  few  silver :  near  the  veins,  the  rocks  are 
blackened  as  if  blasted  by  gunpowder  The  strata  are 
only  slightly  dislocated  close  round  these  hills,  and 
hence,  perhaps,  it  may  be  inferred  that  the  granitic 
mat;ses  form  only  the  projecting  points  of  a  broad 
continuous  axis-dome,  which  has  given  to  the  upper 
parts  of  this  range  its  anticlinal  structure. 

Concluding  Remarks  on  the  Uspallaia  Range, —  I 
will  not  attempt  to  estimate  the  tot^l  thickness  of  the 
pile  of  strata  forming  this  range,  but  it  must  amount 
to  many  thousand  feet.  The  sedimentary  and  tufaceous 
beds  have  throughout  a  general  similarity,  though  with 
infinite  variations.  The  submarine  lavas  in  the  lower 
part  of  the  series  are  mostly  feldspathic.  whilst  in  the 
upper  part,  on  the  summit  and  western  flank,  they  are 
mostly  basaltic.  We  are  thus  reminded  of  the  relative 
position  in  most  recent  volcanic  districts  of  the  trachy- 
tic  and  basaltic  lavas, — the  latter  from  their  greater 
weight  having  sunk  to  a  lower  level  in  the  earth  s 
crust,  and  having  consequently  been  erupted  at  a  later 
period  over  the  lighter  and  upper  lavas  of  the  trachytic 
series.*     Both  the  basaltic  and  feldspathic  submarine 

•  Sec  on  thi.H  subieot  Cliaptcr  V(. 
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streams  are  very  compact;  none  being  vesicular,  and 
only  a  few  amygdaloidal :  the  effects  which  some  of 
them,  especially  those  low  in  the  series,  have  produced 
on  the  tufaceous  beds  over  which  they  have  flowed  is 
highly  curious.  Independently  of  this  local  meta- 
morphic  action,  all  the  strata  undoubtedly  display  an 
indurated  and  altered  character ;  and  all  the  rocks  of 
this  range — the  lavas,  the  alternating  sediments,  the 
intrusive  granite  and  porphyries,  and  the  underlying 
clay-slate — are  intersected  by  metalliferous  veins.  The 
lava-strata  can  often  be  seen  extending  for  great  dis- 
tances, conformably  with  the  under-  and  over-lying 
beds ;  and  it  was  obvious  that  they  thickened  towards 
the  west.  Hence  the  points  of  eruption  must  have  been 
situated  westward  of  the  present  range,  in  the  direction 
of  the  main  Cordillera  :  as,  however,  the  flanks  of  the 
Cordillera  are  entirely  composed  of  various  porphyries, 
chiefly  claystone  and  greenstone,  some  intrusive,  and 
others  belonging  to  the  porphyritic  conglomerate  for- 
mation,  but  all  quite  unlike  these  submarine  lava- 
streams,  we  must  in  all  probability  look  to  the  plain  of 
Uspallata  for  the  now  deeply  buried  points  of  eruption. 
Comparing  our  section  of  the.  Uspallata  range  with 
that  of  the  Cumbre,  we  see,  with  the  exception  of  the 
underlying  clay- slate,  and  perhaps  of  the  intrusive  rocks 
of  the  axes,  a  striking  dissimilarity  in  the  strata  com- 
posing them.  The  great  porphyritic  conglomerate 
formation  has  not  extended  as  far  as  this  range ;  nor 
have  we  here  any  of  the  gypseous  strata,  the  magnesian 
and  other  limestones,  the  red  sandstones,  the  siliceous 
beds  with  pebbles  of  quartz,  and  comparatively  little  of 
the  conglomerates,  all  of  which  form  such  vast  masses 
over  the  basal  series  in  the  main  Cordillera.  On  the 
other  hand,  in  the  Cordillera,  we  do  not  find  those  end- 
leas  varieties  of  indurated  tuflb,  with  their  nnmeroos 
35 
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veins  and  concretionary  aiTangement,  and  those  grit 
and  mud  stones,  and  singular  semi-porcellanic  rocks, 
so  abundant  in  the  Uspallata  range.  The  submarine 
hivasy  also,  differ  considerably ;  the  feldspathic  streams 
of  the  Cordillera  contain  much  mica,  which  is  absent  in 
those  of  the  Uspallata  range  :  in  this  latter  range  we 
have  seen  on  how  grand  a  scale,  basaltic  lava  has  been 
poured  forth,  of  which  there  is  not  a  trace  in  the 
Cordillera.  This  dissimilarity  is  the  more  striking, 
considering  that  these  two  parallel  chains  are  separated 
by  a  plain^only  between  ten  and  fifteen  miles  in  width ; 
and  that  the  Uspallata  lavas,  as  well  as  no  donbt  the 
alternating  tufaceous  beds,  have  proceeded  from  the 
west,  from  points  apparently  between  the  two  ranges. 
To  imagine  that  these  two  piles  of  strata  were  con- 
temporaneously deposited  in  two  closely  adjoining,  very 
deep,  submarine  areas,  separated  from  each  other  by 
a  lofty  ridge,  where  a  plain  now  extends,  would  be  a 
gratuitous  hypothesis.  And  had  they  been  contempo- 
raneously deposited,  without  any  such  dividing  ridge, 
fiurely  some  of  the  gypseous  and  other  sedimentary 
matter  forming  such  immensely  thick  niasses  in  the 
Cordillera,  would  have  extended  this  short  distance 
eastwards ;  and  surely  some  of  the  Uspallata  tuflb  and 
basalts  also  accumulated  to  so  great  a  thickness,  would 
have  extended  a  little  westward.  Hence  I  conclude, 
that  it  is  far  more  probable  that  these  two  series  are 
not  contemporaneous ;  but  that  the  strata  of  one  of  the 
chains  were  deposited,  and  even  the  chain  itself  uplifted, 
before  the  formation  of  the  other : — which  chain,  then, 
is  the  oldest  ?  Considering  that  in  the  Uspallata  range 
the  lowest  strata  on  the  western  flank  lie  unconforma- 
bly  on  the  day-slate,  as  probably  is  the  case  with  those 
on  the  eastern  flank,  whereas  in  the  Cordillera  all  the 
overlying  strata  lie  conformably  on  this  formation :«- 
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considering  that  in  the  Uspallata  range  some  of  the 
beds,  both  low  down  and  high  up  in  the  series,  are 
marked  with  vegetable  impressions,  showing  the  con- 
tinued existence  of  neighbouring  land; — considering 
the  close  general  resemblance  between  the  deposits  of 
this  range  and  those  of  tertiary  origiu  in  several  pa^ts 
of  the  continent; — ^and  lastly,  even  considering  the 
lesser  height  and  outlying  position  of  the  Uspallata 
range, — I  conclude  that  the  strata  composing  it  are  in 
all  probability  of  subsequent  origin,  and  that  they  were 
accumulated  at  a  period  when  a  deep  sea  studded  with 
submarine  volcanos  washed  the  eastern  base  of  the 
already  partially  elevated  Cordillera. 

This  conclusion  is  of  much  importance,  for  we  have 
fieen  that  in  the  Cordillera,  daring  the  deposition  of 
the  Neocomian  strata,  the  bed  of  the  sea  must  have 
subsided  many  thousand  feet :  we  now  learn  that  at  a 
later  period  an  adjoining  area  first  received  a  great 
accumulation  of  strata,  and  was  upheaved  into  land  on 
which  coniferous  trees  grew,  and  that  this  area  then 
subsided  several  thousand  feet  to  receive  the  superin- 
cumbent submarine  strata,  afterwards  being  broken  up, 
denuded,  and  elevated  in  mass  to  its  present  height.  I 
am  strengthened  in  this  conclusion  of  there  having 
been  two  distinct,  great  periods  of  subsidence,  by 
reflecting  on  the  thick  mass  of  coarse  stratified  conglo- 
merate in  the  valley  of  Tenuyan,  between  the  Peuquenes 
and  Portillo  lines ;  for  the  accumulation  of  this  mass 
seems  to  me,  as  previously  remarked,  almost  necessarily 
to  have  required  a  prolonged  subsidence ;  and  this 
subsidence,  from  the  pebbles  in  the  conglomerate  having 
been  to  a  great  extent  derived  from  the  gjrpseous  or 
Neocomian  strata  of  the  Peuquenes  line,  we  know  must 
have  been  quite  distinct  from,  and  subsequent  to,  that 
sinking  movement  which  probably  accompanied    the 
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deposition  of  the  Peaqnenes  strata,  and  which  certainly 
accompanied  the  deposition  of  the  equivalent  beds  near 
the  Puente  del  Inca,  in  this  line  of  section. 

The  Uspallata  chain  corresponds  in  geographical 
position,  though  od  a  small  scale,  with  the  Portillo  line ; 
and  its  clay-slate  formation  is  probably  the  equivalent 
of  the  mica-schist  of  the  Portillo,  there  metamorphosed 
by  the  old  white  granites  and  syenites.  The  coloured 
beds  under  the  conglomerate  in  the  valley  of  TenuyaUi 
of  which  traces  are  seen  on  the  crest  of  the  Portillo, 
and  even  the  conglomerate  itself,  may  perhaps  be 
synchronous  with  the  tu&ceons  beds  and  submarine 
lavas  of  the  Uspallata  range  ;  an  open  sea  and  volcanic 
action  in  the  latter  case,  and  a  confined  channel  between 
two  bordering  chains  of  islets  in  the  former  case,  having 
been  sufficient  to  account  for  the  mineralogical  dissimi- 
larity of  the  two  series.  From  this  correspondence 
between  the  Uspallata  and  Portillo  ranges,  perhaps  in 
age  and  certainly  in  geographical  position,  one  is 
tempted  to  consider  the  one  range  as  the  prolongation 
of  the  other ;  but  their  axes  are  formed  of  totally  diffe- 
rent intrusive  rocks  ;  and  we  have  traced  the  apparent 
continuation  of  the  red  granite  of  the  Portillo  in  the 
red  porphyries  diverging  into  the  main  Cordillera. 
Whether  the  axis  of  the  Uspallata  range  was  injected 
before,  or,  as  perhaps  is  more  probable,  after  that  of 
the  Portillo  line,  I  will  not  pretend  to  decide ;  but  it 
is  well  to  remember  that  the  highly  inclined  lava* 
streams  on  the  eastern  flank  of  the  Portillo  line,  prove 
that  its  angular  upheavement  was  not  a  single  and 
sudden  event ;  and  therefore  that  the  anticlinal  eleva- 
tion of  the  Uspallata  range  may  have  been  oontempo* 
raneous  with  some  of  the  later  angular  movements  by 
which  the  gigantic  Portillo  range  g^ned  its  present 
height  above  the  adjoining  pliun. 
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CHAPTER  XV. 

NORTHERN    CHILE. — CONCLUSION. 

Section  from  Illapel  to  Combarbala  ;  CfypMous  formation  with  Hit* 
eijisd  wood — PantineiUo — Coquirnhf  ;  mines  of  Arquoroi  ;  tection 
up  vaUoy;  fo8riU^^6huuco,  fouiU  qf—Copiapo  seetion  up  vdU^  ; 
Las  Amolatuu  HUeifiod  wood,  oonglomeratos,  nature  qf former  land, 
fomla,  thieknest  qf  strata,  great  subsidence —  Valley  of  Despohlado, 
fossils,  tttfaeeous  deposit,  eomplicated  dislocations  of— Relations 
between  ancient  orifices  of  eruption  and  subsequent  awes  of  injection 
— Iquiqne,  Peru,fomlsqfsalt'deposits — Metalliferous  veins — Sum- 
mary on  the  Porphyritic  conglomerate  and  Gypseous  formations — 
Great  subsidence  with  partial  elevations  during    the   CretaceO' 
oolitic  period— On  the  elevation  and  structure  of  the  CordiUora — 
BeeapHtulation  on  the  Tertiary  series — Relation   between  movC' 
ments  of  subsidence  and  volcanic  action — Pampean  formation — 
Recent  elevatory  movements — Long-continued  volcanic  action  in  the 
CurdUlera,     Conclusion, 

Valparaiso  to  Coquimbo. — I  have  already  described 
the  general  nature  of  the  rocks  in  the  low  country  north 
of  Valparaiso,  consisting  of  granites,  syenites,  green- 
stones, and  altered  feldspathic  clay-slate.  Near  Coquimbo 
there  is  much  homblendic  rock  and  various  dusky- 
coloared  porphyries.  I  will  describe  only  one  section 
in  this  district,  namely,  from  near  Illapel  in  a  NE.  line 
to  the  mines  of  Los  Homos,  and  thence  in  a  north  by 
east  direction  to  Combarbala,  at  the  foot  of  the  main 
Cordillera. 

Near  IHapel,  after  passing  for  some  distance  over 
granite,  andesite,  and  andesitic  porphyry,  we  come  to 
a  greenish  stratified  feldspathic  rock,  which  I  believe 
is  altered  clay-slate,  conformably  capird  by  porphyries 
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and  porphyritic  conglomerate  of  g^eat  thickness,  d  [> 
ping  at  an  average  angle  of  20°  to  NE.  by  N.  The 
uppermost  beds  consist  of  conglomerates  and  sandstone 
only  a  little  metamorphosed,  and  conformably  covei-ed 
by  a  gypseous  formation  of  very  great  thickness,  but 
much  denuded.  This  gypseous  formation,  where  first 
met  with,  lies  in  a  broad  valley  or  basin,  a  little  south- 
ward of  the  mines  of  Los  Hornos :  the  lower  half  alone 
contains  gypsum,  not  in  great  masses  as  in  the  Cordillera, 
but  in  innumerable  thin  layers,  seldom  more  than  an 
inch  or  two  in  thickness.  The  gypsum  is  either  opaque 
or  transparent,  and  is  associated  with  carbonate  of  lime. 
The  layers  alternate  with  numerous  varying  ones  of  a 
calcareous  clay-shale,  (with  strong  aluminous  odoar, 
adhering  to  the  tongue,  easily  fusible  into  a  pale  green 
glass),  more  or  less  indurated,  either  earthy  and  cream 
coloured,  or  greenish  and  hard.  The  more  indurated 
varieties  have  a  compact,  homogeneous  almost  crystal- 
line fracture,  and  contain  granules  of  crystallised  oxide 
of  iron.  Some  of  the  varieties  almost  resemble  hoqe- 
stones.  There  is  also  a  little  black,  hardly  fusible, 
Biliceo*calcareou8  clay-slate,  like  some  of  the  varieties 
alternating  with  gypsum  on  the  Peuquencs  range. 

The  upper  half  of  this  gypseous  formation  is  mainly 
formed  of  the  same  calcareous  clay-shale  rock,  but 
without  any  gypsum,  and  varying  extremely  in  nhture : 
it  passes  from  a  soft,  coarse,  earthy,  ferruginous  state, 
including  particles  of  quartz,  into  compact  clay-stones 
with  crystallised  oxide  of  iron, — into  porcellanic  layers, 
alternating  with  seams  of  calcareous  matter, —  and  into 
green  porcelain-jasper  excessively  hard,  but  easily 
fusible.  Strata  of  this  nature  alternate  with  much 
black  and  brown  siliceo-calrareouB  slate,  remarkable 
from  the  wonderful  number  of  huge  embedded  logs  of 
silicified  wood.    This  wood,  according  to  Mr.  R.  Brown, 
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is  (judging  from  several  specimens)  all  coniferous. 
Some  of  the  layers  of  the  black  siliceous  slate  contained 
irregular  angular  fragments  of  imperfect  pitchstone, 
which  I  believe,  as  in  the  Uspallata  range,  has  origin- 
ated in  a  metamprphic  process.  There  was  one  bed  of 
a  marly  tufaceous  nature,  and  of  little  specific  gravity. 
Veins  of  agate  and  calcareous  spar  are  numerous.  The 
whole  of  this  gypseous  formation,  especially  the  upper 
half,  has  been  injected,  metamorphos^,  and  locally 
contorted  by  numerous  hillocks  of  intrusive  porphyries 
crowded  together  in  an  extraordinary  manner.  These 
hillocks  consist  of  purple  clay-stone  and  of  various  other 
porphyries,  and  of  much  white  feldspathic  greenstone 
passing  into  andesite;  this  latter  variety  included  in 
one  case  crystals  of  orthitic  and  albitic  feldspar  touch- 
ing each  other,  and  others  of  hornblende,  chlorite,  and 
epidote.  The  strata  surrounding  these  intrusive  hil- 
locks at  the  mines  of  Los  Hornos,  are  intersected  by 
many  veins  of  copper- pyrites,  associated  with  much 
micaceous  iron-ore,  and  by  some  of  gold :  in  the  neigh- 
bourhood of  these  veins  the  rocks  are  blackened  and 
much  altered.  The  gypsum  near  the  intrusive  maisses 
is  always  opaque.  One  of  these  hillocks  of  porphyry 
was  capped  by  some  stratified  porphyritic  conglomerate, 
which  must  have  been  brought  up  from  below,  through 
the  whole  immense  thickness  of  the  overlying  gypseous 
formation.  The  lower  beds  of  the  gypseoos  formation 
resemble  the  oorresponding  and  probably  contempora- 
neons  strata  of  the  main  Cordillera ;  whilst  the  upper 
beds  in  several  respects  resemble  those  of  the  Uspallata 
chain,  and  posidbly  may  be  oontemponmeoos  with 
them ;  for  I  have  endeavoured  to  show  that  tJie  Uspal'* 
lata  beds  were  accomulated  subsequently  to  the  gyp* 
teous  or  Neooomian  formations  of  the  Cordillera. 

This  pile  of  strsta  dip«  at  an  angle  of  about  VP  to 
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NE.  by  N.,  close  up  to  the  very  foofc  of  the  Caesta  de 
Los  Hornos,  a  crooked  range  of  mountains  formed  of 
intrusive  rocks  of  the  same  nature  with  the  above  de- 
scribed hillocks.  Only  in  one  or  two  places,  on  this 
south-eastern  side  of  the  range,  I  noticed  a  narrow 
fringe  of  the  upper  gypseous  strata  brushed  up  and 
inclined  south-eastward  from  it.  On  its  north-eastern 
flank,  and  likewise  on  a  few  of  the  summits,  the  strati- 
fied porphyritic  conglomerate  is  inclined  NE. :  so  that, 
if  we  disregard  the  very  narrow  anticlinal  fringe  of 
gypseous  strata  at  its  8E.  foot,  this  range  forms  a 
second  uniclinal  axis  of  elevation.  Proceeding  in  a 
north  by  east  direction  to  the  village  of  Combarbala, 
we  come  to  a  third  escarpment  of  the  porphyritic  con- 
glomerate, dipping  eastwards,  and  forming  the  outer 
range  of  the  main  Cordillera.  The  lower  beds  were 
here  more  jaspery  than  usual,  and  they  included  soujo 
white  cherty  strata  and  red  sandstones,  alternating  with 
purple  claystone  porphyry.  Higher  up  in  the  Cordillera 
there  appeared  to  be  a  line  of  andesitic  rocks ;  and 
beyond  them,  a  fourth  escarpment  of  the  porphyritic 
conglomerate,  again  dipping  eastwards  or  inwards. 
The  overlying  gypseous  strata,  if  they  ever  existed  here, 
have  been  entirely  removed. 

Copper  Mines  of  Panuiicillo. — From  Combarbala 
to  Coquimbo,  I  traversed  the  country  in  a  zig-zag 
direction,  crossing  and  recrossing  the  porphyritic  con- 
glomerate and  finding  in  the  granitic  districts  an  un- 
usual number  of  mountain-masses  composed  of  various 
intrusive,  porphyritic  rocks,  many  of  them  andesitic. 
One  common  variety  was  greenish-black,  with  large 
crystals  of  blackish  albite.  At  Panuncillo  a  short 
NNW.  and  SSE.  ridge,  with  a  nucleus  formed  of 
greenstone  and  of  a  slate-coloured  porphyry  including 
crystals  of  glass^y  feld^^par,  deserves  notice,  from  the 
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very  singolar  nftture  of  the  almost  x^ortioal  utr^ta  <>>n\* 
posing  it.  These  consist  chieHy  of  a  finw  or  <vmm^r 
granular  mixtare^  not  veiy  compact-,  of  wUif^  oart^onah*! 
of  lime,  of  protoxide  of  iron  and  of  y<*UowwK  jjt'^rni^tn 
(ascertained  by  Prof.  Miller),  each  grain  IxMng  an 
almost  perfect  crystal.  Some  of  the  varieHf*«  c^nmiwt 
exclusively  of  granules  of  the  calcareouH  iipar^  attd 
some  contain  grains  of  copper  on%  and*  I  bt»lkn*f^^  nf 
quartz.  These  strata  alternate  with  a  bhiUh,  Cf)mpn('^•, 
fusible,  feldspathic  rock.  Much  of  the  abnvi*  ^ranulrtf 
mixture  has,  also,  a  pseudo-brecriatod  Hfruofnrf^,  Itt 
which  fragments  are  obscurely  arranged  iti  plnttrin 
parallel  to  those  of  the  stratiflcation,  atid  nrr^  dtiti* 
spicuous  on  the  weathered  surfaces.  Thn  fVagmrttifM 
are  angular  or  rounded,  small  or  Inrgn,  and  normlnt  nf 
bluish  or  reddish  compact  feldnpathio  nmtf'er,  \n  which 
a  few  acicular  crystals  of  feldspar  can  mmniUnm  \m 
seen.  The  fragmenta  often  blend  at  ihrfir  m\f(fm  iuUi 
the  surrounding  granular  mmHf  and  rn^fnn  dn»  io  a  kind 
of  concretionary  action. 

These  sing^olar  rocka  are  ttAvernfA  )iy  mnny  fz/pfi^f 
veins,  and  appear  to  rtmt  cfmffmruMy  f/n  a  ^fatinlaf 
mixture  (in  parte  aa  ttttH^rhinfA  aa  a  mtt^lf^/nt^)  tA 
quartz,  mica,  hfm»MfrfUlf.^  amJ  fffhkpftf '^  mtfi  firm  fm 
fine-i^rained;  cfmtm^m  ^^i.m  ^  arid  %hi»  tm  a  ]Mmftn^pi\ 
masBy  cfjmf)0»A  fA  pinki^  f/fihUir,  fcUb|>*f,  Vf^\nfhfii( 
a  few  spedbf  of  lw:*nV>i^»<l/?  5  fttfA  la^ftly^  tWm  tm  f(tP»ffif^, 

bkg  d»trwrlT, 

Coqnimho  f^  porph7Tnr.l<t  f*An^!'*>m^r«f>,  fr>rm?*tj<^  ^9^ 
juruickea  Twar»*r  M  nhe:  f*JU*,iA^  fhj*n  m  ^ny  'Vh^r  p?»rf, 
of  ChCe  ^iair.*#i  hy  mer.  hein^sf  ^^par^f^d  fr'*>n*  fM  ^^viitf^ 
hj- *  taeaet  ^ni7  a  few  miiea  Hr/vtd  ^  fhe  ih»ij*1  j>lnt/vrtiA 
nckav  with  rhfi:  ^tddition  <rf  A  pArphj-y  h*»v;nsif  a  f^ 
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euritic  base.  In  proceeding  to  the  mines  of  Arqueros, 
the  strata  of  porphyriliic  conglomerate  are  at  first  nearly 
horizontal,  an  unusual  circumstance,  and  afterwards 
they  dip  gently  to  SSE.  After  having  ascended  to  a 
considerable  height,  we  come  to  an  undulatory  district 
in  which  the  famous  silver  mines  are  situated:  my 
examination  was  chiefly  confined  to  those  of  S.  Rosa. 
Most  of  the  rocks  in  this  district  are  stratified,  dipping 
in  various  directions,  and  many  of  them  are  of  so 
singular  a  nature,  that  at  the  risk  of  being  tedious  I 
must  briefly  describe  them.  The  commonest  variety  is 
a  dull-red,  compact,  finely-brecciated  stone,  containing 
much  iron  and  innumerable  white  ciystallised  particles 
of  carbonate  of  lime  and  minute  extraneous  fragments. 
Another  variety  is  almost  equally  common  near  S.  Rosa ; 
it  has  a  bright  green,  scanty  basis,  including  distinct 
crystals  and  patches  of  white  carbonate  of  lime,  and 
grains  of  red,  semi-micaceous  oxide  of  iron :  in  parts 
the  basis  becomes  dark  green,  and  assumes  an  obscure 
crystalline  arrangement,  an^  occasionally  in  parts  ^t 
becomes  soft  and  slightly  translucent  like  soapstone. 
These  red  and  green  rocks  are  often  quit^e  distinct,  and 
oftien  pass  into  each  other :  the  passage  being  sometimes 
affected  by  a  fine  brecciated  structure,  particles  of  the 
red  and'  green  matter  being  mingled  together.  Some 
of  the  varieties  appear  gradually  to  become  porphyritic 
with  feldspar ;  and  all  of  them  are  easily  fusible  into 
pale  or  dark-coloured  beads,  strongly  attracted  by  the 
magnet.  I  should  perhaps  have  mistaken  several  of 
these  stratified  rocks  for  submarine  lavas,  like  some  of 
those  described  at  the  Puente  del  Inca,  bad  I  not  exr 
amined,  a  few  leagues  eastward  of  this  point,  a  fine  series 
of  analogous  but  less  metamorphosed,  sedimentary  beds 
belonging  to  the  gypseous  formation,  and  probably  de- 
rived from  a  volcanic  source. 
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This  formation  is  intersected  by  numerous  metal- 
liferous veins,  running,  though  irregularly,  NW.  and 
SE.,  and  generally  at  right  angles  to  the  many  dikes. 
The  veins  consist  of  native  silver,  of  muriate  of  silver, 
an  amalgam  of  silver,  cobalt,  antimony,  and  arsenic,^ 
generally  embedded  in  sulphate  of  barytes.  I  was 
assured  by  Mr.  Lambert,  that  native  copper  without  a 
trace  of  silver  has  been  found  in  the  same  vein  with 
native  silver  without  a  trace  of  copper.  At  the  mines 
of  AristeaS)  the  silver  veins  are  said  to  be  unproductivQ 
as  soon  as  they  pass  into  the  green  strata,  whereas  at 
S,  Rosa,  only  two  or  three  miles  distant,  the  reverse 
happens ;  and  at  the  time  of  my  visit,  the  miners  were 
working  through  a  red  stratum,  in  the  hopes  of  the 
vein  becoming  productive  in  the  underlying  ^een  sedi- 
mentary mass.  I  have  a  specimen  of  one  of  these  green 
rocks,  with  the  usual  granules  of  white  calcareous  spar 
and  red  oxide  of  iron,  abounding  with  disseminated 
particles  of  glittering  native  and  muriate  of  silver, 
yet  taken  at  the  distance  of  one  yard  from  any 
vein, — a  circumstance,  as  I  was  assured,  of  very  rare 
occurrence. 

Sectitm  Easiward,  up  the  Valley  of  Goquimho, — 
After  passing  for  a  few  miles  over  the  coast  granitic 
series,  we  come  to  the  porphyritic  conglomerate,  with 
its  usual  characters,  and  with  some  of  the  beds  dis- 
tinctly displaying  their  mechanical  origin.  The  strata^ 
where  first  met  with,  are,  as  before  stated,  only  slightly 
inclined ;  but  near  the  Hacienda  of  Plnclaro,  we  come 
to  an  anticlinal  axis,  with  the  beds  much  dislocated  and 
shifted  by  a  great  fault,  of  which  not  a  trace  is  ex- 
ternally seen  in  the  outline  of  the  hill.  I  believe  that 
this  anticlinal  axis  can  be  traced  northwards,  into  the 

*  See  the  Report  on  M.  Domeyko's  acconnt  of  these  mines,  in 
the  *  Comptes  Rendus/  t.  zIt.  p.  660. 
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district  of  Arqneros,  where  a  conspicuous  bill  called 
Cerro  Blanco,  formed  of  a  harsh,  cream-coloured  euritic 
rock,  including  a  few  crystals  of  reddish  feldspar,  and 
associated  >»ith  Bome  purplish  claystone  porphyry,  seems 
to  fall  on  a  line  of  elevation.  In  descending  from  the 
Arqueros  district,  I  crossed  on  the  northern  border  of  the 
valley,  strata  inclined  eastward  from  the  Pluclaro  axis : 
on  the  porphyritic  conglomerate  there  rested  a  mass, 
some  hundred  feet  thick,  of  brown  argillaceous  limestone, 
in  parts  crystalline,  and  in  parts  almost  composed  of 
Hippwrites  ChUensis^  d'Orbig. ;  above  this  came  a  black 
calcareous  shale,  and  on  it  a  red  conglomerate.  In  the 
brown  limestone,  with  the  Hippurites,  there  was  an 
impression  of  a  Pecten  and  a  coral,  and  great  numbers 
of  a  large. Gryphaea,  very  like,  and,  according  to  Prof. 
E.  Forbes,  probably  identical  with  0.  Orientalisy  Forbes 
MS., — a  cretaceous  species  (probably  upper  greensand) 
from  Verdachellum,  in  Southern  India.  These  fossils 
seem  to  occupy  nearly  the  same  position  with  those  at 
the  Paente  del  Inca, — namely,  at  the  top  of  the  por- 
phyritic conglomerate,  and  at  the  base  of  the  gypseous 
formation. 

A  little  above  the  Hacienda  of  Pluclaro,  I  made  a 
detour  on  the  northern  side  of  the  valley,  to  examine 
the  superincumbent  gypseous  strata,  which  I  estimated 
at  6,000  feet  in  thickness.  The  uppermost  beds  of  the 
porphyritic  conglomerate,  on  which  the  gypseous  strata 
conformably  rest,  are  variously  coloured,  with  one  very 
singular  and  beautiful  stratum  composed  of  purple 
pebbles  of  various  kinds  of  porphyry,  embedded  in 
white  calcareous  spar,  including  cavities  lined  with 
bright-green  crystallised  epidote.  The  whole  pile  of 
strata  belonging  to  both  formations  is  inclined,  ap- 
parently from  the  above-mentioned  axis  of  Pluclaro, 
at  an  angle  of  between  20^  and  30°  to  the  east.     I  wilJ 
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here  give  a  section  of  the  principal  beds  met  with  in 
crossing  the  entire  thickness  of  the  gypseous  strata. 

First :  above  the  porphyritic  conglomerate  for- 
mation, thei*e  is  a  fine-grained,  red,  crystalline  sand- 
stone. 

Secondly :  a  thick  mass  of  smooth-grained,  calcareo- 
aluminous,  shaly  rock,  often  marked  with  dendritic 
manganese,  and  having,  where  most  compact,  the  ex- 
ternal appearance  of  honestone.  It  is  easily  fusible. 
I  shall  for  the  future,  for  convenience  sake,  call  this 
variety  pseudo-'honestone.  Some  of  the  varieties  are 
quite  black  when  freshly  broken,  but  all  weather  into 
a  yellowish-anh  coloured,  soft,  earthy  substance,  pre- 
cisely as  is  the  case  with  the  compact  shaly  rocks  of 
the  Peuquenes  range.  This  stratum  is  of  the  same 
general  nature  with  many  of  the  beds  near  Los  Homos 
in  the  Illapel  section.  In  this  second  bed,  or  in  the 
underlying  red  sandstone  (for  the  surface  was  partially 
concealed  by  detritus),  there  was  a  thick  mass  of 
gypsum,  having  the  same  mineralogical  characters  with 
the  great  beds  described  in  our  sections  across  the 
Cordillera. 

Thirdly:  a  thick  stratum  of  fine-grained,  red, 
sedimentary  matter,  easily  fusible  into  a  white  glass, 
like  the  basis  of  clay  stone  porphyry  ;  but  in  parts 
jaspery,  in  parts  brecciated,  and  including  crystalline 
specks  of  carbonate  of  lime.  In  some  of  the  jaspery 
layers,  and  in  some  of  the  black  siliceous  slaty  bands, 
there  were  ^irregular  seams  of  imperfect  pitchstone, 
undoubtedly^  of  metamorphic  origin,  and  other  seams  of 
brown,  crystalline  limestone.  Here,  also,  were  masses, 
externally  resembling  ill-preserved  silicified  wood. 

Fourthly  and  fifthly :  calcareous  pseudo-honestone  ; 
and  a  thick  stratum  concealed  by  detritus. 

Sixthly :  a  thinly  stratified  mass  of  bright  green, 
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compact,  smooth-graioeJ,  calcareo-argillaceoas  stonei 
easily  fnslble,  and  emitting  a  strong  alaminous  odonr : 
the  whole  has  a  highly  angnlo-concretionary  structure ; 
and  it  resembles,  to  a.  certain  extent,  some  of  the  upper 
tufaceo-infnsorial  deposits  of  the  Patagonian  Tertiary 
formation.  It  is  in  its  nature  allied  to  our  pseudo- 
honestone,  and  it  includes  well  characterised  layers  of 
that  variety  ;  and  other  layers  of  a  pale  green,  harder, 
and  brecciated  variety ;  and  others  of  red  sedimentary 
matter,  like  that  of  bed  Three.  Some  pebbles  of  por- 
phyries  are  embedded  in  the  upper  part. 

Seventhly  :  red  sedimentary  matter  or  sandstone 
like  that  of  bed  One,  several  hundred  feet  in  thickness, 
and  including  jaspery  layers,  often  having  a.  finely 
brecciated  structure. 

Eighthly :  white,  much  indurated,  almost  crystalline 
tuff,  several  hundred  feet  in  thickness,  including 
rounded  grains  of  quartz  and  particles  of  green  matter 
like  that  of  bed  Six.  Parts  pass  into  a  very  pale  green, 
semi-porcellanic  stone. 

Ninthly  :  red  or  brown  coarse  conglomerate,  300  to 
400  feet  thick,  formed  chiefly  of  pebbles  of  porphyries, 
with  volcanic  particles,  in  an  arenaceous,  non-calcareous, 
fusible  basis :  the  upper  two  feet  are  arenaceous  without 
any  pebbles. 

Tenthly :  the  last  and  uppermost  stratum  here 
exhibited,  is  a  compact,  slate-coloured  porphyry,  with 
numerous  elongated  crystals  of  glassy  feldspar,  from 
1 50  to  200  feet  in  thickness :  it  lies  strictly  conformably 
on  the  underlying  conglomerate,  and  is  undoubtedly  a 
submarine  lava. 

This  great  pUe  of  strata  has  been  broken  up  in 
several  places  by  intrusive  hillocks  of  purple  claystone 
porphyry,  and  by  dikes  of  porphyritic  greenstone :  it  is 
said  that  a  few  poor   metalliferous  veins   have   been 
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discovered  here.  From  the  fasible  nature  and  general 
appearance  of  the  finer-grained  strata,  they  probably 
owe  their  origin  (like  the  allied  beds  of  the  Uspallata 
range,  and  of  the  upper  Patagonian  Tertiary  formations), 
to  gentle  volcanic  eruptions,  and  to  the  abrasion  of 
volcanic  rocks.  Comparing  these  beds  with  those  in 
the  mining  district  of  Arqueros,  we  see  at  both  places 
rocks  easily  fusible,  of  the  same  peculiar  bright  green 
and  red  colours,  containing  calcareous  matter,  often 
having  a  finely  brecciated  structure,  often  passing  into 
each  other  and  often  alternating  together:  hence  I 
cannot  doubt  that  the  only  difierence  between  them, 
lies  in  the  Arqueros  beds  having  been  more  metamor- 
phosed (in  conformity  with  their  more  dislocated  and 
injected  condition),  and  consequently  in  the  calcareous 
matter,  oxide  of  iron  and  green  colouring  matter,  having 
been  segregated  under  a  more  crystalline  form. 

The  strata  are  inclined,  as  before  stated,  from  20°  to 
80°  eastward,  towards  an  irregular  ^  north  and  south 
chain  of  andesitic  porphyry  and  of  porphyritic  green- 
stone, where  they  are  abruptly  cut  off.  In  the  valley 
of  Coquimbo,  near  to  the  H.  of  Gualliguaca,  similar 
plutonic  rocks  are  met  with,  apparently  a  southern 
prolongation  of  the  above  chain ;  and  eastward  of  it  we 
have  an  escarpment  of  the  porphyritic  conglomerate, 
with  the  strata  inclined  at  a  small  angle  eastward, 
which  makes  the  third  escarpment,  including  that 
nearest  the  coast.  Proceeding  up  the  valley  we  come 
to  another  norfch  and  south  line  of  granite,  andesite, 
and  blackish  porphyry,  which  seem  to  lie  in  an  irregular 
trough  of  the  porphyritic  conglomerate.  Again,  on  the 
south  side  of  the  B.  Claro,  there  are  some  irregular 
granitic  hills,  which  have  thrown  off  the  strata  of  porphy- 
ritic conglomerate  to  the  N  W.  by  W. ;  but  the  stratifica- 
tion here  has  been  much  disturbed.     I  did  not  proceed 


546  Coquimbo.  fart  it 

any  farther  up  the  valley,  and  this  point  is  about  two- 
thirds  of  the  distance  between  the  Pacific  and  the 
main  Cordillera. 

I  will  describe  only  one  other  section,  namely,  on 
the  north  side  of  tho   R.  Claro,  which  is  interesting 
from  containing  fossils :  the  strata  are  much  dislocated 
by  faults    and   dikes,  and    are  inclined  to  the  north, 
towards  a  mountain  of  andesite  and  porphyry,   into 
which  they  appeiu*  to  become  almost  blended.     As  the 
beds  approach  this  mountain,  their  inclination  increases 
up  to  an  angle  of  70%  and  in  the  upper  part,  the  rocks 
become  highly  metamorphosed.     The  lowest  bed  visible 
in  this  section,  is  a  purplish  hard  sandstone.     Secondly, 
a  bed  200  or  800  feet  thick,  of  a  white  siliceous  sand- 
stone, with  a  calcareous  cement,  containing  seams  of 
slaty  sandstone,  and  of  hard  yellowish-brown  (dolomitic  ?) 
limestone;   numerous,  well-rounded,   little  pebbles  of 
quartz  are  included  in  the  sandstone.     Thirdly,  a  dark 
coloured  limestone  with  some  quartz  pebbles,  from  fifty 
to  sixty  feet  in  thickness,  containing  numerous  silicified 
shells,   presently  to    be   enumerated.     Fourthly,  very 
compact,   calcareous,  jaspery  sandstone,   passing  into 
(fifthly)   a  great   bed,  several   hundred  feet  thick,  of 
conglomerate,  composed  of  pebbles  of  white,  red,  and 
purple  porphyries,  of  sandstone  and  quartz,  cemented 
by  calcareous  matter.     I  observed  that  some  of  the 
finer  parts  of  this  conglomerate  were  much  indurated 
within  a  foot  of  a  dike  eight  feet  in  width,  and  were 
rendered  of  a  paler  colour  with  the  calcareous  matter 
segregated  into  white  ciystallised  particles ;  some  parts 
were  stained  green  firom  the  colouring  matter  of  the 
dike.     Sixthly,  a  thick  mass,  obscurely  stratified,  of  a 
red  sedimentary  stone  or  sandstone,  full  of  crystalline 
calcareous  matter,  imperfect  crystals  of  oxide  of  iron, 
and  I  believe  of  feldspar,  and  therefore  closely  resem* 
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bling  some  of  the  highly  metamorphosed  beds  at  Ar- 
qneros :  this  bed  was  capped  by,  and  appeared  to  pass 
in  its  upper  part  into,  rocks  similarly  coloured,  con- 
taining calcareous  matter,  and  abounding  with  minute 
crystals,  mostly  elongated  and  glassy,  of  reddish  albite. 
Seventhly,  a  conformable  stratum  of  fine  reddish  por- 
phyry with  large  crystals  of  (albitic?)  feldspar;  pro- 
bably a  submarine  lava.  Eighthly,  another  conformable 
bed  of  green  porphyry,  with  specks  of  green  earth  and 
cream-coloured  cryst^als  of  feldspar,  I  believe  that 
there  are  other  superincumbent  crystalline  strata  and 
submarine  lavas,  but  I  had  not  time  to  examine  them. 

The  upper  beds  in  this  section  probably  correspond 
with  parts  of  the  great  gypseous  formation;  and  the 
lower  beds  of  red  sandstone  conglomerate  and  fossili- 
ferous  limestone  no  doubt  are  the  equivalents  of  the 
Hippurite  stratum,  seen  in  descending  from  Arqueros 
to  Pluclaro,  which  there  lies  conformably  upon  the 
porphyritic  conglomerate  formation.  The  fossils  found 
in  the  third  bed,  consist  of — 

Pecten  Dufreynoyi,  d'Orbig.  *  Voyage,  Part.  Pal.' 

This  species,  which  occurs  here  in  vast  numbers,  according  to 
M.  d'Orbigny,  resembles  certain  cretaceous  forms. 

Ostrea  hemispherica,  d'Orbig.  '  Voyage,  &c.* 
Also  resembles,  according  to  the  same  author,  cretaceous  forms 

Terebratula  aenigma,  d'Orbig.  *  Voyage,  &c.'  (PI. 
XXII.  figs.  10-12),  and  PL  V.  figs.  10,  11,  12  of  this 
work. 

Is  allied,  according  to  M.  d'Orbigny,  to  T.  concinna  from  the 
Forest  Marble.  A  series  of  this  species,  collected  in  several  localities 
hereafter  to  be  referred  to,  has  been  laid  before  Prof.  E.  Forbes  ;  and 
he  informs  me  that  many  of  the  specimens  are  almost  undistingnish- 
able  from  our  oolitic  T.  tetraedra,  and  that  the  varieties  amongst  them 
are  such  as  are  found  in  that  variable  species.  Generally  speaking, 
tlie  American  specimens  of  T.  enigma  may  be  distinguished  from  th« 

36 


550  Coquimbo  to  Guasco.  paet  n. 

formation.  Considering  this  resemblance,  and  that  the 
fossils  from  the  Pnente  del  Inca  at  the  base  of  the 
gypseous  formation,  and  throughout  the  greater  part  of 
its  entire  thickness  on  the  Peuquenes  range,  indicate 
the  Neocomian  period, — that  is,  the  dawn  of  the  cre- 
taceous system,  or,  as  some  have  believed,  a  passage  be- 
tween this  latter  and  the  oolitic  series — I  conclude  that 
probably  the  gypseous  and  associated  beds  in  all  the 
sections  hitherto  described,  belong  to  the  same  great 
formation,  which  I  have  denominated— cretaceo-oolitic. 
I  may  add,  before  leaving  Coquimbo,  that  M.  Gay  found 
in  the  neighbouring  Cordillera,  at  the  height  of  14,000 
feet  above  the  sea,  a  fossiliferous  formation,  including  a 
Trigonia  and  Pholadomya ;  * — both  of  which  genera 
occur  at  the  Pnente  del  Inca. 

Goquimbo  to  Chmsco. — ^The  rocks  near  the  coast, 
and  some  way  inland,  do  not  differ  from  those  described 
northwards  of  Valparaiso :  we  have  much  greenstone, 
syenite,  feldspathic  and  jaspery  slate,  and  grauwackes 
having  a  basis  like  that  of  claystone ;  there  are  some 
large  tracts  of  granite,  in  which  the  constituent 
minerals  are  sometimes  arranged  in  folia,  thus  compos- 
ing an  imperfect  gneiss.  There  are  two  large  districts 
of  mica-schist,  passing  into  glossy  clay-slate,  and  re- 
sembling the  great  formation  in  the  Chonos  Archipelago. 
In  the  valley  of  Guasco,  an  escarpment  of  porphyritic 
conglomerate  is  first  seen  high  up  the  valley,  about  two 
leagues  eastward  of  the  town  of  Ballenar.  I  heard  of  a 
great  gypseous  formation  in  tl^e  Cordillera ;  and  a  col- 
lection of  shells  made  there  was  given  me.  These 
shells  are  all  in  the  same  condition,  and  appear  to  have 
come  from  the  same  bed :  they  consist  of — 

>  D'Orbigny.  *  Yoj-age,  Part.  Q^olog/  p.  242. 
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Turritella  Andii,  d'Orbig.  *  Voyage,  Part.  Pal.' 
Pecten  Dafreynoyi,         do. 
Terebratula  ignaciaua,    do. 

The  relations  of  these  species  have  been  given  onder  the  head  of 
Coqaimbo. 

Terebratula  aBiiigma,  d'Orbig.  *  Voyage,  Part.  Pal.' 
(var.  E.  Forbes,  PL  V.  figs.  13,  14). 

This  shell  M.  d'Orbigny  does  not  consider  identical  with  his  T. 
enigma,  but  near  to  T.  obsoleta.  Professor  Forbes  thinks  that  it  is 
certainly  a  variety  of  T.  enigma,  and  his  observations  on  this  species 
are  given  in  the  list  of  fossils  from  Coqaimbo :  we  shall  meet  with 
this  variety  again  at  Gopiapj. 

Spirifer  Chilensis,  E.  Forbes,  PL  V.  figs.  15,  16. 

Professor  Forbes  remarks  that  this  fossil  resembles  several  car* 
boniferous  limestone  Spirifers ;  and  that  it  is  also  related  to  some 
liassic  species,  as  S.  Woicotii. 

If  these  shells  had  been  examined  independently  of 
the  other  collections,  they  would  probably  have  been 
considered,  firom  the  characters  of  the  two  Terebratnlas 
and  from  the  Spirifer,  as  oolitic ;  but  considering  that 
the  three  first  species,  and  according  to  Professor  Forbes, 
the  four  first,  are  identical  with  those  from  Coqaimbo, 
the  two  formations  no  doubt  are  the  same,  and  may, 
as  I  have  said,  be  provisionally  called  cretaceo-oolitic. 

VdUey  of  Gopiapo. — ^The  journey  from  Guasco  to 
Copiapo,  owing  to  the  utterly  desert  nature  of  the 
country,  was  necessarily  so  hurried,  that  I  do  not  con- 
sider my  notes  worth  giving.  In  the  valley  of  Copiapo 
some  of  the  sections  are  very  interesting.  From  the 
sea  to  the  town  of  Copiapo,  a  distance  estimated  at 
thirty  miles,  the  mountains  are  composed  of  greenstone, 
granite,  andesite,  and  blackish  porphyry,  together  with 
some  dusky-green  feldspathic  rocks,  which  I  believe  to 
be  altered  clay-slate:  these  mountains  are  crossed  by 
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many  brown-colonred  dikes,  running  north  and  south. 
Above  the  town,  the  main  valley  runs  in  a  south-east 
and  even  more  southerly  course  towards  the  Cordillera, 
where  it  is  divided  into  three  great  ravines,  by  the 
northern  one  of  which,  call  Jolqnera,  I  penetrated  for  a 
short  distance.  The  coloured  section,  fig.  3  in  Plate  I., 
gives  an  eye-sketch  of  the  structure  and  composition 
of  the  mountains  on  both  sides  of  this  valley :  a  straight 
east  and  west  line  from  the  town  to  the  Cordillera  is 
perhaps  not  more  than  thirty  miles,  but  along  the 
valley  the  distance  is  much  greater.  Wherever  the 
valley  trended  very  southerly,  I  have  endeavoured  to 
contract  the  section  into  its  true  proportion.  This 
valley,  I  may  add,  rises  much  more  gently  than  any 
other  valley  which  I  saw  in  Chile. 

To  commence  with  our  section,  for  a  short  distanco 
above  the  town  we  have  hills  of  the  granitic  series, 
together  with  some  of  that  rock  [A],  which  I  suspect  to 
be  altered  clay-slate,  but  which  Prof.  6.  Rose,  judg- 
ing from  specimens  collected  by  Meyen  at  P.  Negro, 
states  is  serpentine  passing  into  greenstone.  We  then 
come  suddenly  to  the  great  Gypseous  formation  [B] 
without  having  passed  over,  differently  from  in  all  tho 
sections  hitherto  described,  any  of  the  porphyritic  con- 
glomerate. The  strata  are  at  first  either  horizontal  or 
gently  inclined  westward  ;  then  highly  inclined  in 
various  directions,  and  contorted  by  underlying  masses 
of  intrusive  rocks ;  and  lastly,  they  have  a  regular  east- 
ward dip,  and  form  a  tolerably  well  pronounced  north 
and  south  line  of  hills.  This  formation  consists  of 
thin  strata,  with  innumerable  alternations,  of  black, 
calcareous  slate-rock,  of  calcareo-aluminous  stones  like 
those  at  Coquimbo,  which  I  have  called  pseudo-hone- 
stones,  of  green  jaspery  layers,  and  of  pale*purplish 
calcoreoaSi  soft  rottenstone,  including  seams  and  veins 
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of  gypsum.  These  strata  are  conformably  overlaid  by  a 
great  thickness  of  thinly  stratified,  compact  limestone 
with  included  crystals  of  carbonate  of  lime.  At  a  place 
called  Tierra  Amarilla,  at  the  foot  of  a  mountain  thLS 
composed,  there  id  a  broad  vein,  or  perhaps  stratum,  of 
a  beautifal  and  curious  crystallised  mixture,  composed, 
according  to  Prof.  G.  Rose,*  of  sulphate  of  iron  under 
two  forms,  and  of  the  sulphates  of  copper  and  alumina : 
the  section  is  so  obscure  that  I  could  not  make  out 
whether  this  vein  or  stratum  occurred  in  the  gypseous 
formation,  or  more  probably  in  some  underlying  masses 
[A],  which  I  believe  are  altered  clay-slate. 

Second  Axis  of  Elevation. — After  the  gypseous 
masses  [B],  we  come  to  a  line  of  hills  of  unstratified 
porphyry  [C],  which  on  their  eastern  side  blend  into 
strata  of  great  thickness  of  porphyritic  conglomerate, 
dipping  eastward.  This  latter  formation,  however,  here 
has  not  been  nearly  so  much  metamorphosed  as  in  most 
parts  of  central  Chile  ;  it  is  composed  of  beds  of  true 
purple  claystone  porphyry,  repeatedly  alternating  with 
thick  beds  of  purplish-red  conglomerate  with  the  well- 
rounded,  large  pebbles  of  various  porphyries,  not  blended 
together. 

Third  Axis  of  Elevation. — Near  the  ravine  of  Los 
Homitos,  there  is  a  well-marked  line  of  elevation, 
extending  for  many  miles  in  a  NNE.  and  SSW.  direc- 
tion, with  the  strata  dipping  in  most  parts  (as  in  the 
pecond  axis)  only  in  one  direction,  namely,  eastward  at 
an  average  angle  of  between  30°  and  40°.  Close  to  the 
mouth  of  the  valley,  however,  there  is,  as  represented 
in  the  section,  a  steep  and  high  mountain  [D],  composed 
of  various  green  and  brown  intrusive  porphyries  en- 
veloped with  strata,  apparently  belonging  to  the  upper 
parts  of   the   porphyritic  conglomerate,  and  dipping 

*  MeyeD*B  'Reiso/  &c.  Tb.  1.  b.  804. 
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both  eastward  and  westward.  I  will  describe  the 
section  seen  on  the  eastern  side  of  this  mountain  [D], 
beginning  at  the  base  with  the  lowest  bed  visible-  in 
the  porphyritic  conglomerate,  and  proceeding  upwards 
through  the  gypseous  formation.  Bed  (1)  consists  of 
reddish  and  brownish  porphyry  varying  in  character, 
and  in  many  parts  highly  amygdaloidal  with  carbonate 
of  lime,  and  with  bright  green  and  brown  bole.  Its 
upper  surface  is  throughout  clearly  defined,  but  the 
lower  surface  is  in  most  parts  indistinct,  and  towards 
the  summit  of  the  mountain  [D]  quite  blended  into 
the  intrusive,  porphyries.  Bed  (2),  a  pale  lilac,  hard 
but  not  heavy  stone,  slightly  laminated,  including  small 
extraneous  fragments,  and  imperfect  as  well  as  some 
perfect  and  glassy  crystals  of  feldspar;  from  150  to 
200  feet  in  thickness.  When  examining  it  in  sUv-, 
I  thought  it  was  certainly  a  true  porphyry,  but  my 
specimens  now  lead  me  to  suspect  that  it  possibly  may 
be  a  metamorphosed  tuff.  From  its  colour  it  could  be 
traced  for  a  long  distance,  overlyiug  in  one  part,  quite 
conformably  to  the  porphyry  of  bed  1,  and  in  another 
not  distant  part,  a  very  thick  ma^s  of  conglomerate, 
composed  of  pebbles  of  a  porphyry  chiefly  like  that  of 
bed  1 :  this  fact  shows  how  the  nature  of  the  bottom 
formerly  varied  in  short  horizontal  distances.  Bed  (3), 
white,  much  indurated  tuff,  containing  minute  pebbles, 
broken  crystals,  and  scales  of  mica,  varies  much  in 
thickness.  This  bed  is  remarkable  from  containing 
many  globular  and  pear-shaped,  externally  rusty  balls, 
from  the  size  of  an  apple  to  a  man's  head,  of  very 
tough,  slate-coloured  porphyry,  with  imperfect  crystals 
of  feldspar :  in  shape  these  balls  do  not  resemble  pebbles, 
and  I  believe  thai  they  are  tubaqueoue  volcanic  bombs ; 
they  differ  from  fmOaerial  bombs  only  in  not  being 
V(>8i('ular.     Bed  (4),  a  dull  purplioh-red,  hard  conglo* 
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merate,  with  crystallised  particles  and  veins  of  carbonate 
of  lime,  from  300  to  400  feet  in  thickness.  The 
pebbles  are  of  claystone  porphyries  of  many  varieties ; 
they  are  tolerably  well  rounded,  and  vary  in  size  from 
a  large  apple  to  a  man's  head.  This  bed  includes 
three  layers  of  coarse,  black,  calcareous,  somewhat 
slaty  rock :  the  upper  part  passes  into  a  compact  red 
sandstone. 

In  a  formation  so  highly  variable  in  mineralogical 
nature,  any  division  not  founded  on  fossil  remains, 
must  be  extremely  arbitrary :  nevertheless,  the  beds 
below  the  last  conglomerate  may,  in  accordance  with 
all  the  sections  hitherto  described,  be  considered  as 
belonging  to  the  porphyritic  conglomerate,  and  those 
above  it  to  the  gypseous  formation,  marked  [E]  in  the 
section.  The  part  of  the  valley  in  which  the  following 
beds  are  seen  is  near  Potrero  Seco.  Bed  (5),  compact, 
fine-grained,  pale  greenish-gray,  non-calcareous,  indu- 
rated mudstone,  easily  fusible  into  a  pale  green  and 
white  glass.  Bed  (6),  purplish,  coarse-grained,  hard 
sandstone,  with  broken  crystals  of  feldspar  and  crystal- 
lised particles  of  carbonate  of  lime ;  it  possesses  a 
slightly  nodular  structure.  Bed  (7),  blackish-gray, 
much  indurated,  calcareous  mudstone,  with  extraneous 
particles  of  unequal  size;  the  whole  being  in  parts 
finely  brecciated.  In  this  mass  there  is  a  stratum,  twenty 
feet  in  thickness,  of  impure  gypsum.  Bed  (8),  a 
greenish  mudstone,  with  several  layers  of  gypsum.  Bed 
(9),  a  highly  indurated,  easily  fusible,  white  tuff,  thickly 
mottled  with  ferruginous  matter,  and  including  some 
white  semi-porcellanic  layers,  which  are  interlaced  wilh 
ferruginous  veins.  This  stone  closely  resembles  some 
of  the  commonest  varieties  in  the  Uspallata  chain. 
Bed  (10),  a  thick  bed  of  rather  bright  green,  indurated 
mudstone  or  tuff,  with  a  concretionary  nodular  structure 
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80  strongly  developed  that  the  whole  mass  consists  of 
balls.  I  will  not  attempt  to  estimate  the  thickness  of 
the  strata  in  the  gypseous  formation  hitherto  described, 
bat  it  must  certainly  be  very  many  hundred  feet.  Bed 
(11)  is  at  least  800  feet  in  thickness:  it  consists  of  thin 
layers  of  whitish,  greenish,  or  more  commonly  brown, 
fine-grained  indurated  tuffs,  which  crumble  into  angular 
fragments  :  some  of  the  layers  are  semi-porcellanic, 
many  of  them  highly  ferruginous,  and  some  are  almost 
composed  of  carbonate  of  lime  and  iron  with  drusy 
cavities  lined  with  quartz-crystals.  Bed  (l2),  dull  pur- 
plish or  greenish  or  dark-gray,  very  compact  and  much 
indurated  mudstone :  estimated  at  1,500  feet  in  thick- 
ness :  in  some  parts  this  rock  assumes  the  character  of 
an  imperfect  coarse  day-slate ;  but  viewed  under  a  lens, 
the  basis  always  has  a  mottled  appearance,  with  the 
edges  of  the  minute  component  particles  blending  to- 
gether.  Farts  are  calcareous,  and  there  are  numerous 
veins  of  highly  crystalline  carbonate  of  lime  charged 
with  iron.  The  mass  has  a  nodular  structure,  and  is 
divided  by  only  a  few  planes  of  stratification:  there 
are,  however,  two  layers,  each  about  eighteen  inches 
thick,  of  a  dark  brown,  finer-grained  stone,  having  a 
conchoidal,  semi-porcellanic  fracture,  which  can  be 
followed  with  the  eye  for  some  miles  across  the  country. 
I  believe  this  last  great  bed  is  covered  by  other 
nearly  similar,  alternations  ;  but  the  section  is  here 
obscured  by  a  tilt  from  the  next  porphyritic  chain, 
presently  to  be  described.  I  have  given  this  section  in 
detail,  as  being  illustrative  of  the  general  character  of 
the  mountains  in  this  neighbourhood  ;  but  it  must  not 
be  supposed  that  any  one  stratum  long  preserves  the 
same  character.  At  a  distance  of  between  only  two  and 
three  miles,  the  green  mudstones  and  white  indurated 
tuffs  are  to  a  great  extent  replaced  by  red  sandstone 


CHAP.  XT.  Gypseous  Formation.  '557 

and  black  calcareous  shaly  rocks,  alternating  together. 
The  white  indurated  tuff,. bed  (11),  here  contains  little 
or  no  gypsum,  whereas  on  the  northern  and  opposite 
side  of  the  valley,  it  is  of  much  greater  thickness  and 
abounds  with  layers  of  gypsum,  some  of  them  alterna- 
ting with  thin  seams  of  crystalline  carbonate  of  lime. 
The  uppermost,  dark  coloured,  hard  mudstone  (bed  12) 
is  in  this  neighbourhood  the  most  constant  stratum. 
The  whole  series  differs  to  a  considerable  extent, 
especially  in  its  upper  part,  from  that  met  with  at 
[B  B],  in  the  lower  part  of  the  valley ;  nevertheless,  I 
do  not  doubt  that  they  are  equivalents. 

'Etmrih  Aosis  of  Elevation  (VaUey  of  Copiapo). — 
This  axis  is  formed  of  a  chain  of  mountains  [F],  of 
which  the  central  masses  (near  La  Punta)  consist  of 
andesite  containing  green  hornblende  and  coppery  mica, 
and  the  outer  masses  of  greenish  and  black  porphyries, 
together  with  some  fine  lilac-coloured  clay-stone  por- 
phyry ;  all  these  porphyries  being  injected  and  broken 
up  by  small  hummocks  of  andesite.  The  central  great 
mass  of  this  latter  rock,  is  covered  on  the  eastern  side 
by  a  black,  fine-grained,  highly  micaceous  slate,  which, 
together  with  the  succeeding  mountains  of  porphyry, 
are  traversed  by  numerous  white  dikes,  branching  from 
the  andesite,  and  some  of  them  extending  in  straight 
lines,  to  a  distance  of  at  least  two  miles.  The  mountains 
of  porphyry  eastward  of  the  micaceous  schist  soon,  but 
gradually,  assume  (as  observed  in  so  many  other  cases) 
a  stratified  structure,  and  can  then  be  recognised  as  a 
part  of  the  porphyritic  conglomerate  formation.  These 
strata  [6]  are  inclinerl  at  a  high  angle  to  the  SE.,  and 
form  a  mass  from  1,590  to  2,000  feet  in  thickness. 
llie  gypseous  masses  to  the  wett  already  described,  dip 
directly  towards  this  izis,  with  the  strata  only  in  a  few 
places  (one  of  which  is  represented  in   the  section) 
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thrown  from  it ;  hence  this  foarth  axis  is  mainly 
uniclinal  towards  the  SE.,  and  just  like  oar  third  axis, 
only  locally  anticlinal. 

The  above  strata  of  porphyritic  conglomerate  [G] 
with  their  soath-eastward  dip,  come  abruptly  up  against 
beds  of  the  gypseous  formation  [H],  which  are  gently, 
but  irregularly,  inclined  westward:  so  that  there  is 
here  a  synclinal  axis  and  great  fault.  Farther  up  the 
valley,  here  ininning  nearly  north  and  south,  the  gypse- 
ous formation  is  prolonged  for  some  distance ;  but  the 
stratification  is  unintelligible,  the  whole  being  broken 
up  by  faults,  dikes,  and  metalliferous  veins.  The  strata 
consist  chiefly  of  red  calcareous  sandstones,  with  nume- 
rous veins,  in  the  place  of  layers,  of  gypsum ;  the  sand- 
stone is  associated  with  some  black  calcareous  slate-rock, 
and  with  green  pseudo-honestones,  passing  into  porce- 
lain-jasper. Still  farther  up  the  valley,  near  Las  Amo- 
lanas  [I],  the  gypseous  strata  become  more  regular, 
dipping  at  an  angle  of  between  30°  and  40°  to  WSW., 
and  conformably  overlying,  near  the  mouth  of  the  ravine 
of  Jolquera,  strata  [K]  of  porphyritic  conglomerate.  The 
whole  series  has  been  tilted  by  a  partially  concealed 
axis  [L],  of  granite,  andesite,  and  a  granitic  mixture 
of  white  feldspar,  quartz,  and  oxide  of  iron. 

'Fijih  Axis  of  Elevation  (Valley  of  Copiapo^  near 
Las  Amolaruis). — I  will  describe  in  some  detail  the 
beds  P]  seen  here,  which,  as  just  stated,  dip  to  WSW., 
at  an  angle  of  from  30°  to  40°.  I  had  not  time  to 
examine  the  underlying  porphyritic  conglomerate,  of 
which  the  lowest  beds,  as  seen  at  the  mouth  of  the 
Jolquera,  are  highly  compact,  with  crystals  of  red  oxide 
of  iron ;  and  I  am  not  prepared  to  say  whether  they 
are  chiefly  of  volcanic  or  metamorphic  origin.  On 
these  beds  there  rests  a  coarse  purplish  conglomerate, 
very   little   metamorphosed,  composed   of  pebbles   of 
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porphyry,  but  remarkable  from  containing  one  pebble 
of  granite ; — of  which  fact  no  instance  has  occurred  in 
the  sections  hitherto  described.  Above  this  conglome- 
rate, there  is  a  black  siliceous  clay-stone,  and  above  it 
numerous  alternations  of  dark-purplish  and  green  por- 
phyries, which  may  be  considered  as  the  uppermost 
limit  of  the  porphyritic  conglomerate  formation. 

Above  these  porphyries  comes  a  coarse,  arenaceous 
conglomerate,  the  lower  half  white  and  the  upper  half 
of  a  pink  colour,  composed  chiefly  of  pebbles  of  various 
porphyries,  but  with  some  of  red  sandstone  and  jaspery 
rocks.     In  some  of  the  more  arenaceous  parts  of  the 
conglomerate,  there  was  an  oblique  or  current  lamina- 
tion ;  a  circumstance  which  I  did  not  elsewhere  observe. 
Above  this  conglomerate,  there  is  a  vast  thickness  of 
thinly   stratified,    pale-yellowish,   siliceous  sandstone, 
passing  into  a  granular  quartz-rock,  used  for  grindstones 
(hence  the    name   of  the   place  Loa  Amolanas),  and 
certainly  belonging  to  the  gypseous  formation,  as  does 
probably  the    immediately    underlying   conglomerate. 
In  this  yellowish  sandstone  there  are  layers  of  white 
and  pale-red  siliceous  conglomerate ;  other  layers  with 
small,  well-rounded  pebbles  of  white  quartz,  like  the 
bed  at  the  B.  Claro  at  Coqnimbo ;  others  of  a  greenish, 
iine-grained,  less  siliceous  stone,  somewhat  resembling 
the   pseudo-honestones   lower   down   the   valley;  and. 
lastly,  others  of  a  black  calcareous  shale-rock.     In  one 
of  the  layers  of  conglomerate,  there  was  embedded  a 
fragment  of  micarslate,  of  which  this  is  the  first  instance ; 
hence,  perhaps,  it  is  from  a  formation  of  mica-slate, 
that  the  numerous  small  pebbles  of  quartz,  both  here 
and  at  Coquimbo,  have  been  derived.     Not  only  does 
the   siliceous   sandstone   include  layers  of  the  black, 
thinly  stratified,  not  fissile,  calcareous  shale-rock,  but 
in  one  place  the  whole  mass,  especially  the  upper  part, 
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was,  in  a  marvellously  short  horizontal  distance,  after 
frequent  alternations,  replaced  by  it.  When  this 
occurred,  a  mountain-mass,  several  thousand  feet  in 
thickness,  was  thus  composed  ;  the  black  calcareous 
shale-rock,  however,  always  included  some  layers  of  the 
pala-yellowish  siliceous  sandstone,  of  the  red  conglome- 
rate, and  of  the  greenish  jaspery  and  pseudo-honestone 
varieties.  It  likewise  included  three  or  four  widely 
separated  layers  of  a  brown  limestone,  abounding  with 
shells  immediately  to  be  described.  This  pile  of  strata 
was  in  parts  traversed  by  many  veins  of  gypsum.  The 
calcareous  shale-rock,  though  when  freshly  broken  quite 
black,  weathers  into  an  ash-colour;  in  which  respect 
and  in  general  appearance,  it  perfectly  resembles  those 
great  fossiliferous  beds  of  the  Peuquenes  range,  alterna- 
ting with  gypsum  and  red  sandstone,  described  in  the 
last  chapter. 

The  shells  out  of  the  layers  of  brown  limestone,  in- 
cluded in  the  black  calcareous  shale-rock,  which  latter, 
as  just  stated,  replaces  the  white  siliceous  sandstone, 
consist  of — 

Pecten  Dufreynoyi,  d'Orbig.  *  Voyage,  Part.  Pal/ 
Turritella  Andii,  do. 

Belations  given  in  the  list  from  Coquimbo. 

Astarte  Darwinii,  E.  Forbes,  PI.  V.  figs.  22,  23* 
Gryphaea  Darwinii,  do.  PI.  V.  fig.  7. 

An  intermediate  form  between  O.  gigantea  and  Q.  incura. 

Gryphaaa,  nov.  spec.  ?  do.  PI.  V.  figs.  8  and  9. 
Pema  Americaca,  do.  PL  V.  figs.  4,  5,  6. 
Avicula,  nov.  spec. 

Considered  by  Mr.  G.  B.  Sowerby  as  the  A.  echinata,  bj  IC 
d*Orbigny  as  certainly  a  new  and  distinct  apecies,  having  a  Jararaio 
aspect.    1  he  specimen  has  been  nnfortonately  loat. 
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Terebratula  aenigma,  d'Orbig.  (var.  of  do.  E.  Forbes, 
PL  V.  figs.  13,  14). 

This  is  the  same  variety,  with  that  from  Guasco,  cocLsidercd  by 
M.d*Orbigny  to  be  a  distinct  species  from  his  T.  senigma,  and  related 
to  T.  obsoleta. 

Plagiostoma  and  Ammonites,  fragments  of. 

The  lower  layers  of  the  limestone  contained  thou- 
sands of  the  Giyphaea;  and  the  upper  ones  as  many 
of  the  Tarritella,  with  the  Gryphaea  (nov.  spec.)  and 
SerpulaB  adhering  to  them  ;  in  all  the  layers,  the  Tere- 
bratula and  fragments  of  the  Pecten  were  included. 
It  was  evident,  from  the  manner  in  which  the  species 
were  grouped  together,  that  they  had  lived  where  now 
embedded.  Before  making  any  further  remarks,  I  may 
state,  that  higher  up  this  same  valley  we  shall  again 
meet  with  a  similar  association  of  shells ;  and  in  the 
great  Despoblado  Valley,  which  branches  off  near  the 
town  from  that  of  Copiapo,  the  Pecten  Dufreynoyi, 
some  Gryphites  (I  believe  G.  Darwinii),  and  the  true 
Terebratula  asnigma  of  d'Orbigny  were  found  together 
in  an  equivalent  formation  as  will  be  hereafter  seen. 
A  specimen  also,  I  may  add,  of  the  true  T.  aenigma, 
was  given  me  from  the  neighbourhood  of  the  famous 
silver  mines  of  Chanuncillo,  a  little  south  of  the  valley 
of  Copiapo,  and  these  mines,  from  their  position,  I  have 
no  doubt,  lie  within  the  great  gypseous  formation :  the 
rocks  close  to  one  of  the  silver  veins,  judging  from 
fragments  shown  me,  resemble  \hose  singular  meta- 
morphosed deposits  from  the  mining  district  of  Arqueros 
near  Coquimbo. 

I  will  reiterate  the  evidence  on  the  association  of 
these  several  shells  in  the  several  localities. 
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Pecten  Dnfreynoyi 
Ostrea  hemispherica 
Terebratula  aenigma 
Spiiifer  lioguiferoides 


Coquimbo, 


•  in  the  same  bed,  Hio  Clara 


Hippnrites  Chilensis   |  ^^  Arqneros. 

Grypfaaea  onentalis      )  *  ^ 


Terebratula  senigma    )  in  same  block    '^ 

ignaciana  J    of  limestone. 

Pecten  Dufrejnoyi 
Ostrea  hemispherica 
Hippnrites  Chilensis 
Turritella  Andii 
Nautilus  Domeykus 


Collected  by  M.  Domeyko 
from  the  same  locality, 
apparently  near  Arque- 
ros. 


Pecten  Dufreynoyi 
Turritella  Andii 
Terebratula  ignaciana 

snigma,  rar. 

Spirifer  Chilensis. 


Guasco, 


In  a  collection  from  the  Cordillera, 
given  me:  the  specimens  all  in  the 
same  condition. 


Copiapo, 

Peoten  Dufreynoyi  ^ 

Turritella  Andii 

Terebratula  enigma,  rar.  as  at  Guasco 

Astarte  Darwinii 

Gryphsea  Darwinii 

nov.  spec,  ? 

Pema  Americana 
Avicala,  nov.  spec 


Mingled  together  in  alter- 
nating beds  in  the  main 
valley  of  Copiapo  near 
Las  Amolanas,  and  like- 
wise higher  up  the  valley. 


Terebratula  aenigma  (true) 

Terebratula  aenigma  (true) 
Pecten  Dufreynoyi 
Gryphaea  Darwinii  7 


1 
} 


Main  valley  of  Copiapo*  apparently 
same  formation  with  that  of 
Amolanas. 

In  the  same  bed.  high  up  the  great 
lateral  valley  of  the  Despoblado, 
in  the  ravine  of  Maricougo. 


Considering  this  table,  I  think  it  is  impossible  to 
doubt  that  all  these  fossils  belong  to  the  same  formation. 
If,  however,  the  species  from  Las  Amolanas,  in  the 
Valley  of  Copiapo,  had,  as  in  the  case  of  those  from 
Gaasoo,  been  separately  examined,  they  would  probably 
have  been  ranked  as  oolitic ;  for,  althoagh  no  Spirifera 
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were  fonnd  here,  all  the  other  species,  with  the  excep- 
tion of  the  Pecten,  Turritella,  and  Astarte,  have  a  more 
ancient  aspect  than  cretaceoas  forms.  On  the  other 
hand,  taking  into  account  the  evidence  derived  from 
the  cretaceous  character  of  these  three  shells,  and  of 
the  Hippurites,  Gryphaea  orientalis,  and  Ostrea,  from 
Coquimbo,  we  are  driven  back  to  the  provisional  name 
already   used    of    cretaceo-oolitic.      From    geological 

\  evidence,  I  believe  this  formation   to  be  the  equiva- 

lent of  the  Neocomian  beds  of  the  Cordillera  of  Central 
Chile. 

To  return  to  our  section  near  Las  Amolanas : — 
Above  the  yellow  siliceous  sandstone,  or  the  equivalent 

I  calcareous  slate-rock,  with  its  bands   of   fosi^-shells, 

according  as  the  one  or  the  other  prevails,  there  is 
a  pile  of  strata,  which  cannot  be  less  than  from  2,000 
to  3,000  feet  in  thickness,  in  main  part  composed  of 
a  coarse,  bright,  red  conglomerate,  with  many  inter- 

i  calated  beds  of  red  sandstone,  and  some  of  green  and 

other  coloured  porcelain-jaspery  layers.     The  included 

I  pebbles  are  well  rounded,  varying  from  the  size  of  an 

egg  to  that  of  a  cricket-ball,  with  a  few  larger ;  and 
they  consist  chiefly  of  porphyries.  The  basis  of  the 
conglomerate,  as  well  as  some  of  the  alternating  thin 
beds,  are  formed  of  a  red,  rather  harsh,  easily  fusible 
sandstone,  with  crystalline  calcareous  particles.     This 

I  whole  great  pile  is  remarkable  from  the  thousands  of 

huge,  embedded,  silicified  trunks  of  trees,  one  of  which 
was  eight  feet  long,  and  another  eighteen  feet  in  cir^ 
cumference  :  how  marvellous  it  is,  that  every  vessel  in 
•so  thick  a  mass  of  wood  should  have  been  converted 
into  silex !  I  brought  home  many  specimens,  and  all  of 
them,  according  to  Mr.  B.  Brown,  present  a  coniferous 
structure. 

Above  this  great  conglomerate,  we  have  from  200  to 
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300  feet  in  thickness  of  red  sandstone ;  and  above  this, 
a  stratum  of  black  calcareoas  slate-rock,  like  that 
which  alternates  with  and  replaces  the  underlying 
yellowish  white,  siliceous  sandstone.  Close  to  tbe 
junction  between  this  upper  black  slat^rock  and  the 
upper  red  sandstone,  I  found  the  Qryphcea  Barwiniiy 
the  Turritella  Andii,  and  vast  numbers  of  a  bivalve, 
too  imperfect  to  be  recognised.  Hence  we  see  that,  as 
far  as  the  evidence  of  these  two  shells  serves — and  the 
Turritella  is  an  eminently  characteristic  species — the 
whole  thickness  of  this  vast  pile  of  strata  belongs  to 
the  same  age.  Again,  above  the  last-mentioned  upper 
red  sandstone,  there  were  several  alternations  of  the 
black,  calcareous  slate-rock  ;  but  I  was  unable  to  ascend 
to  them.  All  these  uppermost  strata,  like  the  lower  ones, 
vary  extremely  in  character  in  short  horizontal  distances. 
The  gypseous  formation,  as  here  seen,  has  a  coarser, 
more  mechanical  texture,  and  contains  much  more 
siliceous  matter  than  the  corresponding  beds  lower 
down  the  valley.  Its  total  thickness,  together  with  the 
upper  beds  of  the  porphyritic  conglomerate,  I  estimated 
at  least  at  8,000  feet ;  and  only  a  small  portion  of  the 
porphyritic  conglomerate,  which  on  the  eastern  flank  of 
the  fourth  axis  of  elevation  appeared  to  be  from  1,500 
to  2,000  feet  thick,  is  here  included  As  corroborative 
of  the  great  thickness  of  the  gypseous  formation,  I 
may  mention  that  in  the  Despoblado  Valley  (which 
branches  from  the  main  valley  a  little  above  the  town 
of  Copiapo)  I  found  a  corresponding  pile  of  red  and 
white  sandstones,  and  of  dark,  calcareous,  semi-jaspery 
mudstones,  rising  from  a  nearly  level  surface  and 
thrown  into  an  absolutely  vertical  position ;  so  that,  by 
pacing,  I  ascertained  their  thickness  to  be  nearly  2,700 
feet ;  takin;|;  this  as  a  standard  of  comparison,  I  esti- 
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mated  the  thickDess  of  the  strata  above  the  porphyritic 
conglomerate  at  7,000  feet. 

The  fossils  before  enumerated,  from  the  limestone- 
layers  in  the  whitish  siliceous  sandstone,  are  now 
covered,  on  the  least  compatation,  by  strata  fh)m  5,000 
to  6,000  feet  in  thickness.  Professor  E.  Forbes  thinks 
that  these  shells  probably  lived  at  a  depth  of  from  about 
thirty  to  forty  fathoms,  that  is  &om  180  to  240  feet; 
anyhow,  it  is  impossible  that  they  could  have  lived  at 
the  depth  of  from  5,000  to  6,000  feet.  Hence  in  this 
case,  as  in  that  of  the  Pnente  del  Inca,  we  may.  safely 
conclude  that  the  bottom  of  the  sea  on  which  the  shells 
lived,  subsided,  so  as  to  receive  the  superincumbent 
submarine  strata :  and  this  subsidence  must  have  taken 
place  during  the  existence  of  these  shells  ;  for,  as  I 
have  shown,  some  of  them  occur  high  up  as  well  as  low 
down  in  the  series.  That  the  bottom  of  the  sea  sub- 
sided, is  in  harmony  with  the  presence  of  the  layers  of 
coarse  well-rounded  pebbles  included  throughout  this 
whole  pile  of  strata,  as  well  as  of  the  great  upper  mass 
of  conglomerate  from  2,000  to  3,000  feet  thick ;  for 
coarse  gravel  could  hardly  have  been  formed  or  spread 
out  at  the  profound  depths  indicated  by  the  thickness 
of  the  strata.  The  subsidence,  also,  must  have  been 
slow  to  have  allowed  of  this  often-recurrent  spreading 
out  of  the  pebbles.  Moreover,  we  shall  presently  see 
that  the  surfaces  of  some  of  the  streams  of  porphyritic 
lava  beneath  the  gypseous  formation,  are  so  highly 
amygdaloidal  that  it  is  scarcely  possible  to  believe  that 
they  flowed  under  the  vast  pressure  of.  a  deep  ocean. 
The  conclusion  of  a  great  subsidence  during  the  exist- 
ence of  these  cretaceo-oolitic  fossils,  may,  I  believe, 
be  extended  to  the  district  of  Coquimbo,  although 
owing  to  the  fossiliferons  beds  there  not  being  directly 
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covered  by  the  tipper  gypseous  strata,  which  in  the 
section  north  of  the  yalley  are  aboat  6,000  feet  in  thick* 
ness,  I  did  not  there  insist  on  this  conclusion. 

The  pebbles  in  the  above  conglomerates,  both  in 
the  upper  and  lower  beds,  are  all  well  rounded,  and, 
though  chiefly  composed  of  various  porphyries,  there 
are  some  of  red  sandstone  nnd  of  a  jaspery  stone,  both 
like  the  rocks  intercalated  in  layers  in  this  same 
gypseous  formation ;  there  was  one  pebble  of  mica-slate 
and  some  of  quartz,  together  with  many  particles  of 
quartz.  In  these  respects  there*  is  a  wide  difference 
between  the  gypseous  conglomerates  and  those  of  the 
porphyritic- conglomerate  formation,  in  which  latter, 
angular  and  rounded  fragments,  almost  exclusively 
composed  of  porphyries,  are  mingled  together,  and 
which,  as  already  often  remarked,  probably  were  ejected 
from  craters  deep  under  the  sea.  From  these  facts  I 
conclude,  that  during  the  formation  of  the  conglome- 
rates, land  existed  in  the  neighbourhood,  on  the  shores 
of  which  the  innumerable  pebbles  were  rounded  and 
thence  dispersed,  and  on  which  the  coniferous  forests 
.flourished — for  it  is  improbable  that  so  many  thousand 
logs  of  wood  should  have  been  drifted  from  any  great 
distance.  This  land,  probably  islands,  must  have  been 
mainly  formed  of  porphyries,  with  some  mica-slate, 
whence  the  quartz  was  derived,  and  with  some  red  sand- 
stone  and  jaspery  rocks.  This  latter  fact  is  important, 
as  it  shows  that  in  this  district,  even  previously  to  the 
deposition  of  the  lower  gypseous  or  cretaceo-oolitic  beds, 
strata  of  an  analogous  nature  had  elsewhere,  no  doubt 
in  the  more  central  ranges  of  the  Cordillera,  been 
elevated ;  thus  recalling  to  our  minds  the  relations  of 
the  Cumbre  and  Uspallata  chains.  Having  already 
referred  to  the  great  lateral  valley  of  the  Despoblado, 
I  may  mention  that  above  the  2,700  feet  of  red  and 
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white  sandstone  and  dark  mudstone,  there  is  a  vast 
mass  of  coarse,  hard,  red  conglomerate,  some  thousand 
feet  in  thickness,  which  contains  much  silicified  wood, 
and  evidently  corresponds  with  the  great  upper  con- 
glomerate at  Las  Amolanas :  here,  however,  the  con- 
glomerate consists  almost  exclusively  of  pebbles  of 
granite,  and  of  disintegrated  crystals  of  reddish  feldspar 
and  quartz  firmly  recemented  together.  In  this  case, 
we  may  conclude  that  the  land  whence  the  pebbles  were 
derived,  and  on  which  the  now  silicified  trees  once 
flourished,  was  formed  of  granite. 

The  mountains  near  Las  Amolanas,  composed  of 
the  cretaceo-oolitic  strata,  are  interlaced  with  dikes  like 
a  spider's  web,  to  an  extent  which  I  have  never  seen 
equalled,  except  in  the  denuded  interior  of  a  volcanic 
crater:  north  and  south  lines,  however,  predominate. 
These  dikes  are  composed  of  green,  white,  and  blackish 
rocks,  all  porphyritic  with  feldspar,  and  often  with 
large  crystals  of  hornblende.  The  white  varieties 
approach  closely  in  character  to  andesite,  which  com- 
poses, as  we  have  seen,  the  injected  axes  of  so  many  of 
the  lines  of  elevation.  Some  of  the  green  varieties  are 
finely  laminated,  parallel  to  the  walls  of  the  dikes. 

Svxih  Axis  of  Elevation  (VaMey  of  CopUipo), — 
This  axis  consists  of  a  broad  mountainous  mass  [0]  of 
andesite,  composed  of  albite,  broi^n  mica,  and  chlorite, 
passing  into  andesitic  granite,  with  quartz :  on  its 
western  side  it  has  thrown  off,  at  a  considerable  angle, 
a  thick  mass  of  stratified  porphyries,  including  much 
epidote  [N  N],  and  remarkable  only  from  being  divided 
into  very  thin  beds,  as  highly  amygdaloidal  on  their 
surfaces  as  sub-aerial  lava-streams  are  often  vesicular. 
This  porphyritic  formation  is  conformably  covered,  as 
seen  some  way  up  the  ravine  of  Jolquera,  by  a  mere 
remnant  of   the  lower   part    of   the    cretaceo-oolitic 
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formation  [M  M],  which  in  one  part  encases,  as  repre- 
sented in  the  coloured  section,  the  foot  of  the  andesitic 
axis  [L],  of  the  already  described  fifth  line,  and  in 
Bcother  part  entirely  conceals  it :  in  this  latter  case, 
the  gypseons  or  cretaceo-oolitic  strata  falsely  appeared 
to  dip  under  the  porphyritic  conglomerate  of  the  fifth 
axis.  The  lowest  bed  of  the  gypseons  formation,  as 
seen  here  [M],  is  of  yellowish  siliceous  sandstone,  pre- 
cisely like  that  of  Amolanas,  interlaced  in  parts  with 
veins  of  gypsum,  and  including  layers  of  the  black, 
calcareous,  non-fissile  slate-rock :  the  Turritella  Andii^ 
Peden  Dufreynoyi,  Terebraivla  asnigma^  var.  and 
some  Gryphites  were  embedded  in  these  layers.  The 
sandstone  varies  in  thickness  from  only  twenty  to  eighty 
feet ;  and  this  variation  is  caused  by  the  inequalities  in 
the  upper  surface  of  an  underlying  stream  of  purple 
clay-stone  porphyry.  Hence  the  above  fossils  here  lie 
at  the  very  base  of  the  gypseous  or  cretaceo-oolitic 
formation,  and  hence  they  were  probably  once  covered 
up  by  strata  about  7,000  feet  in  thickness  :  it  is,  how- 
ever, possible,  though  from  the  nature  of  all  the  other 
sections  in  this  district  not  probable,  that  the  por- 
phyritic clay-stone  lava  may  in  this  case  have  invaded  a 
higher  level  in  the  series.  Above  the  sandstone  there 
is  a  considerable  mass  of  much  indurated,  purplish- 
black,  calcareous  clay-stone,  allied  in  nature  to  the 
often-mentioned  black  calcareous  slate-rock. 

Eastward  of  the  broad  andesitic  axis  of  this  sixth 
line,  and  penetrated  by  many  dikes  from  it,  there  is 
a  great  formation  [P]  of  mica^schist,  with  its  usual 
variations,  and  passing  in  one  part  into  a  ferruginous 
quartz-rock.  The  folio  are  curved  and  highly  inclined, 
generally  dipping  eastward.  It  is  probable  that  this 
mica-schist  is  an  old  formation,  connected  with  the 
granitic  rocks  and  metamorphic  schists  near  the  coast ; 
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and  that  the  one  fragment  of  mica-slate,  and  the  pebbles 
of  quartz  low  down  in  the  gypseous  formation  at  Las 
Amolanas,  have  been  derived  &om  it.  The  mica-schist 
is  succeeded  by  stratified  porphyritic  conglomerate  [Q] 
of  great  thickness,  dipping  eastward  with  a  high  in- 
clination: 1  have  included  this  latter  mountain-mass 
in  the  same  anticlinal  axis  with  the  porphyritic  streams 
[N  N] ;  but  I  am  far  from  sure  that  the  two  masses 
may  not  have  been  independently  upheaved. 

Seventh  Axis  of  Elevation. — Proceeding  up  the 
ravine,  we  come  to  another  mass  [R]  of  andesite ;  and 
beyond  this,  we  again  have  a  very  thick,  stratified  por- 
phyritic formation  [S],  dipping  at  a  small  angle  east- 
ward, and  forming  the  basal  part  of  the  main  Cordillera. 
I  did  not  ascend  the  ravine  any  higher;  but  here, 
near  Castano,  I  examined  several  sections,  of  which  I 
will  not  give  the  details,  only  observing,  that  the  por- 
phyritic beds,  or  submarine  lavas,  preponderate  greatly 
in  bulk  over  the  alternating  sedimentary  layers,  which 
have  been  but  little  metamorphosed :  these  latter  con- 
sist of  fine-grained  red  tuffs  and  of  whitish  volcanic 
grit-stones,  together  with  njuch  of  a  singular,  compact 
rock,  having  an  almost  crystalline  basis,  finely  brec- 
ciated  with  red  and  green  fragments,  and  occasionally 
including  a  few  large  pebbles.  The  porphyritic  lavas 
are  highly  amygdaloidal,  both  on  their  upper  and 
lower  surfaces;  they  consist  chiefly  of  clay-stone  por- 
phyry, but  with  one  common  variety,  like  some  of  the 
streams  at  the  Puente  del  Inca,  having  a  gi'ay  mottled 
basis,  abounding  with  crystals  of  red  hydrous  oxide  of 
iron,  green  ones  apparently  of  epidote,  and  a  few  glassy 
ones  of  feldspar.  This  pile  of  strata  differs  consider- 
ably from  the  basal  strata  of  the  Cordillera  in  Central 
Chile,  and  may  possibly  belong  to  the  upper  and 
gypseous  series:  I  saw,  however,  in  the  bed  of  the 
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valley,  one  fragment  of  porphyritic  breccia-conglome- 
rate, exactly  like  those  great  masses  met  with  in  the 
more  southern  parts  of  Chile. 

Finally,  I  must  observe,  that  though  I  have  de- 
scribed between  the  town  of  Copiapo  and  the  western 
flank  of  the  main  Cordillera  seven  or  eight  axes  of 
elevation,  extending  nearly  north  and  south,  it  must 
not  be  supposed  that  they  all  run  continuously  for 
great  distances.  As  was  stated  to  be  the  case  in  our 
sections  across  the  Cordillera  of  Central  Chile,  so  here 
most  of  the  lines  of  elevation,  with  the  exception  of 
the  first,  third,  and  fifth,  are  very  short.  The  stratifi- 
cation is  everywhere  disturbed  and  intricate ;  nowhere 
have  I  seen  more  numerous  faults  and  dikes.  The 
whole  district,  from  the  sea  to  the  Cordillera,  is  more 
or  less  metalliferous;  and  I  heard  of  gold,  silver, 
copper,  lead,  mercury,  and  iron  veins.  The  metamor- 
phic  action,  even  in  the  lower  strata,  has  certainly 
been  far  less  here  than  in  Central  Chile. 

VaUey  of  the  Despohlado. — ^This  great  barren  valley, 
which  has  already  been  alluded  to,  enters  the  main 
valley  of  Copiapo  a  little  above  the  town :  it  runs  at 
first  northerly,  then  NE ,  and  more  easterly  into  the 
Cordillera ;  I  followed  its  dreary  course  to  the  foot  of 
the  first  main  ridge.  I  wUl  not  give  a  detailed  section, 
because  it  would  be  essentially  similar  to  that  already 
given,  and  because  the  stratification  is  exceedingly 
complicated.  After  leaving  the  plutonic  hills  near  the 
town,  I  met  first,  as  in  the  main  valley,  with  the  gypseous 
formation,  having  the  same  diversified  character  as  be- 
fore, and  soon  afterwards  with  masses  of  porphyritic 
conglomerate,  about  1,000  feet  in  thickness.  In  the 
lower  part  of  this  formation  there  were  very  thick  beds 
composed  of  firagments  of  clay-stone  porphyries,  both 
angular  and  rounded,  with  the  smaller  ones  partially 
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blended  together  and  the  basis  rendered  porphyritic; 
these  beds  separated  distinct  streams,  from  sixty  to 
eighty  feet  in  thickness,  of  clay-stone  lavas.  Near 
Paipote,  also,  there  was  mach  tme  porphyritic  breccia- 
conglomerate  :  nevertheless,  few  of  these  masses  were 
metamorphosed  to  the  same  degree  with  the  corre- 
sponding formation  in  Central  Chile.  I  did  not  meet  in 
this  valley  with  any  true  andesite,  but  only  with  im- 
perfect andejdtic  porphyry,  including  large  crystals  of 
hornblende :  numerous  as  have  been  the  varieties  of 
intrusive  porphyries  already  mentioned,  there  were  here 
mountains  composed  of  a  new  kind,  having  a  compact, 
smooth,  cream-coloured  basis,  including  only  a  few 
crystals  of  feldspar,  and  mottled  with  dendritic  spots  of 
oxide  of  iron.  There  were  also  some  mountains  of  a 
porphyry  with  a  brick-red  basis,  containing  irregular, 
often  lens-shaped,  patches  of  compact  feldspar,  and 
crystals  of  feldspar,  which  latter  to  my  surprise  I  find 
to  be  orthite. 

At  the  foot  of  the  first  ridge  of  the  main  Cordillera, 
in  the  ravine  of  Maricongo,  and  at  an  elevation  which, 
from  the  extreme  coldness  and  appearance  of  the  vege- 
tation, I  estimated  at  abot^t  10,000  feet,  I  found  beds  of 
white  sandstone  and  of  limestone  including  the  Tedefn, 
Bufreynoyiy  Terelraivla  cenigma^  and  some  Gryphites. 
This  ridge  throws  the  water  on  the  one  hand  into  the 
Pacific,  and  on  the  other,  as  I  was  informed,  into  a 
great  gravel-covered,  basin-like  plain,  including  a  salt- 
lake,  and  without  any  drainage-exit.  In  crossing  the 
Cordillera  by  this  Pass,  it  is  said  that  three  principal 
ridges  must  be  traversed,  instead  of  two,  or  only  one  as 
in  Central  Chile. 

The  crest  of  this  first  main  ridge  and  the  surround- 
ing mountains,  with  the  exception  of  a  few  lofty 
pinnacles,  are  capped  by  a  great  thickness  of  a  hori- 
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zontally  stratified,  tnfaceoas  deposit.  The  lowest  bed 
is  of  a  pale  purple  colour,  hard,  fine-grained,  and  full 
of  broken  crystals  of  feldspar  and  scales  of  mica.  The 
middle  bed  is  coarser,  and  less  hard,  and  hence  weathers 
into  very  sharp  pinnacles  ;  it  includes  very  small  frag- 
ments of  granite,  and  innumerable  ones  of  all  sizes  of 
gray  vesicular  trachyte,  some  of  which  were  distinctly 
rounded.  The  uppermost  bed  is  about  200  feet  in 
thickness,  of  a  darker  colour  and  apparently  hard  ;  but 
I  had  not  time  to  ascend  to  it.  These  three  horizontal 
beds  may  be  seen  for  the  distance  of  many  leagues, 
especially  westward  or  in  the  direction  of  the  Pacific, 
capping  the  summits  of  the  mountains,  and  standing  on 
the  opposite  sides  of  the  immense  valleys  at  exactly 
corresponding  heights.  If  united  they  would  form  a 
plain,  inclined  very  slightly  towards  the  Pacific;  the 
beds  become  thinner  in  this  direction,  and  the  tuif 
(judging  from  one  point  to  which  I  ascended,  some 
way  down  the  valley)  finer-grained  and  of  less  specific 
gravity,  though  still  compact  and  sonorous  under  the 
hammer.  The  gently  inclined,  almost  horizontal 
stratification,  the  presence  of  some  rounded  pebbles, 
and  the  compactness  of  the  lowest  bed,  though  render- 
ing it  probable,  would  not  have  convinced  me  that  this 
mass  had  been  of  subaqueous  origin,  for  it  is  known 
that  volcanic  ashes  falling  on  land  and  moistened  by 
rain  often  become  hard  and  stratified ;  but  beds  thus 
originating,  and  owing  their  consolidation  to  atmo- 
spheric moisture,  would  have  covered  almost  equally 
every  neighbouring  summit,  high  and  low,  and  would 
not  have  left  those  above  a  certain  exact  level  abso- 
lutely bare;  this  circumstance  seems  to  me  to  prove 
that  the  volcanic  ejections  were  arrested  at  their  pre- 
sent, widely  extended,  equable  level,  and  there  con- 
solidated by  some  other  means  than  simple  atroospherip 
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moisj^ure  \  and  this  no  doubt  mast  have  been  a  sheet  of 
water.  A  lake  at  this  great  height,  and  without  a 
barrier  on  any  one  side,  is  out  of  the  question  ;  conse- 
quently we  must  conclude  that  the  tufaceous  matter 
was  anciently  deposited  beneath  the  sea.  It  was  cer- 
tainly deposited  before  the  excavation  of  the  valleys,  or 
at  least  before  their  final  enlargement ; '  and  I  may 
add,  that  Mr.  Lambert,  a  gentleman  well  acquainted 
with  this  country,  informs  me,  that  in  ascending  the 
ravine  of  Santandres  (which  branches  off  from  the  Des- 
poblado) he  met  with  streams  of  lava  and  much  erupted 
matter  capping  all  the  hills  of  granite  and  porphyry, 
with  the  exception  of  some  projecting  points ;  he  also 
remarked  that  the  valleys  had  been  excavated  subse- 
quently to  these  eruption^. 

This  volcanic  formation,  which  I  am  informed  by 
Mr.  Lambert  extends  far  northward,  is  of  interest,  as 
typifying  what  has  taken  place  on  a  grander  scale  on 
the  corresponding  western  side  of  the  Cordillera  of 
Peru.  Under  another  point  of  view,  however,  it  pos- 
sesses a  far  higher  interest,  as  confirming  that  conclu- 
sion drawn  from  the  structure  of  the  fringes  of  stratified 
shingle  which  are  prolonged  from  the  plains  at  the  foot 
of  the  Cordillera  far  up  the  valleys, — namely,  that  this 
great  range  has  been  elevated  in  mass  to  a  height  of 
between  8,000  and  9,000  feet;*  and  now, judging  from 
this  tufaceous  deposit,  we  may  conclude  that  the  hori- 


*  I  have  endeavoured  to  show  in  ray  *  Jonmal,'  &c.  (2nd  edit.) 
p.  355,  that  this  arid  valley  was  left  by  the  retreating  sea,  as  the 
land  slowly  rose,  in  the  state  in  which  we  now  see  it. 

*  I  may  here  mention  that  on  the  south  side  of  the  main  valley 
of  Oopiapo,  near  Potrero  Seco,  the  mountains  are  capped  by  a  thick 
mass  of  horizontally  stratified  shingle,  at  a  height  which  I  estimated 
at  between  1,500  and  2,000  feet  above  the  bed  of  the  valley.  This 
shingle,  I  believe,  forms  the  edge  of  a  wide  plain,  which  stretchei 
southwards  between  two  mountain  ranges. 
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zootal  elevation  has  been  in  the  district  of  Copiapo 
abont  10,000  feet. 

In  the  valley  of  the  Despoblado,  the  stratiGcation, 
as  before  remarked,  has  been  much  disturbed,  and  in 
aome  pointa  to  a  greater  degree  than  I  have  anywhere 
else  seen.  I  will  give  two  cases :  a  very  thick  mass  of 
thinly  stratified  red  sandstone,  including  beds  of  con- 
glomerate, has  been  crashed  together  (as  represented 
in  the  woodcut)  into  a  yoke  or  urn-formed  trough,  so 
that  the  strata  on  both  sides  have  been  folded  inwards : 
on  the  right  hand  the  properly  underlying  porphyritic 
clayatone  conglomerate  is  seen  overlying  the  sandstone, 
but  it  soon  becomes  vertical,  and  then  is  inclined  to- 
wards the  trough,  so  that  the  beds  radiate  like  the 


spokes  of  a  wheel :  on  the  left  hand,  the  inverted  por- 
phyritic conglomerate  also  assumes  a  dip  towards  the 
troogh,  not  gradnally,  as  on  the  right  hand,  but  by 
means  of  a  vertical  fault  and  synclinal  break ;  and  a 
little  still  farther  on  towards  the  left,  there  is  a  second 
p«at  oblique  fault  (both  shown  by  the  arrow-lines), 
with  the  strata  dipping  to  a  directly  opposite  point: 
these  mountains  are  intersected  by  infinitely  namerons 
dikes,  some  of  which  can  be  seen  to  rise  from  hummocks 
of  greenstone,  and  can  be  traced  for  thousands  of  feet. 
In  the  second  case,  two  low  ridges  trend  together  and 
unite   at  the   head   of  a   little  wedge-shaped  valley; 
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throughout  the  right-hand  ridge,  the  strata  dip  at  45^ 
to  the  east :  in  the  left-hand  ridge,  we  have  the  very 
same  strata  and  at  first  with  exactly  the  same  dip ;  bnt 
in  following  this  ridge  up  the  valley,  the  strata  are 
seen  very  regularly  to  become  more  and  more  inclined 
until  they  stand  vertical,  they  then  gradually  fall  over, 
(the  basset  edges  forming  symmetrical  serpentine  lines 
along  the  crest)  till  at  the  very  head  of  the  valley  they 
are  reversed  at  an  angle  of  45°  :  so  that  at  this  point 
the  beds  have  been  turned  through  an  angle  of  135° ; 
and  here  there  is  a  kind  of  anticlinal  axis,  with  the 
strata  on  both  sides  dipping  to  opposite  points  at  an 
angle  of  45°,  but  with  those  on  the  left  hand  upside- 
down. 

On  the  Eruptive  Scnirees  of  tlis  Porphyrific  Clay- 
sUme  and  Greenstone  Lavas, — In  Central  Chile,  from 
the  extreme  metamorphic  action,  it  is  in  most  parts 
difficult  to  distinguish  between  the  streams  of  porphyritic 
lava  and  the  porphyritic  breccia-conglomerate,  but 
here,  at  Copiapo,  they  are  generally  perfectly  distinct, 
and  in  the  Despoblado,  I  saw  for  the  first  time,  two 
great  strata  of  purple  clay-stone  porphyry,  after  having 
been  for  a  considerable  space  closely  united  together, 
one  above  the  other,  become  separated  by  a  mass  of 
fragmentary  matter,  and  then  both  thin  out; — the 
lower  one  more  rapidly  than  the  upper  and  greater 
stream*  Considering  the  number  and  thickness  of  the 
streams  of  porphyritic  lava,  and  the  great  thickness  of 
the  beds  of  breccia-conglomerate,  there  can  be  little 
doubt  that  the  sources  of  eruption  must  originally  have 
been  numerous  :*  nevertheless,  it  is  now  most  difficult 
even  to  conjecture  the  precise  point  of  any  one  of  the 
ancient  submarine  craters.  I  have  repeatedly  observed 
tnountains  of  porphyries,  more  or  less  distinctly  strati- 
fied  towards  their  summits  or  on  their  flanks,  without  a 
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trace  of  stratification  in  their  central  and  basal  parts : 
in  most  cases,  I  believe  this  is  simply  due  either  to  the 
obliterating  effects  of  metamorphic  action,  or  to  such 
parts  having  been  mainly  formed  of  intrusive  por- 
phyries,  or  to  both  caases  conjoined ;  in  some  instances, 
however,  it  appeared  to  me  very  probable  that  the 
great  central  unstratified  masses  of  porphyry  were  the 
now  partially  denuded  nuclei  of  the  old  submarine 
volcanos,  and  that  the  stratified  parts  marked  the 
points  whence  the  streams  flowed.  In  one  case  alone, 
and  it  was  in  this  Valley  of  the  Despoblado,  I  was  able 
actually  to  trace  a  thick  stratum  of  purplish  porphyry, 
which  for  a  space  of  some  miles  conformably  overlay 
the  usual  alternating  beds  of  breccia-conglomerates  and 
clay-stone  lavas,  until  it  became  united  with,  and  blended 
into,  a  mountainous  mass  of  various  unstratified  por- 
phyries. 

The  difficulty  of  tracing  the  streams  of  porphyries 
to  their  ancient  and  doubtless  numerous  eruptive 
sources,  may  be  partly  explained  by  the  very  general 
disturbance  which  the  Cordillera  in  most  parts  has 
suffered ;  but  I  strongly  suspect  that  there  is  a  more 
specific  cause,  namely,  thai  the  original  'points  of 
eruption  tend  to  become  tlte  points  of  injection.  This 
in  itself  does  not  seem  improbable ;  for  where  the  earth's 
crust  has  once  yielded,  it  would  be  liable  to  yield 
again,  though  the  liquefied  intrusive  matter  might  not 
be  any  longer  enabled  to  reach  the  submarine  surface 
and  flow  as  lava.  I  have  been  led  to  this  conclusion, 
from  having  so  frequently  observed  that,  where  part  of 
an  unstratified  mountain«mass  resembled  in  mineralo- 
gical  character  the  adjoining  streams  or  strata,  there 
were  several  other  kinds  of  intrusive  porphyries  and 
andesitic  rocks  injected  into  the  same  point.  As  these 
intrusive  mountain-masses  form  most  of  the  axes-linos 
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iD  the  Cordillera,  whether  anticlinal,  aniclinal,  or  syn- 
clinal, and  as  the  main  valleys  have  generally  been 
hollowed  out  along  these  lines,  the  intrasive  masses 
have  generally  suffered  much  denudation.  Hence  they 
are  apt  to  stand  in  some  degree  isolated,  and  to  be 
situated  at  the  points  where  the  valleys  abruptly  bend, 
or  where  the  main  tributaries  enter.  On  this  view  of 
there  being  a  tendency  in  the  old  points  of  eruption  to 
become  the  points  of  subsequent  injection  and  dis- 
turbance, and  consequently  of  denudation,  it  ceases  to 
be  surprising  that  the  streams  of  lava  in  the  porphyritic 
claysfcone  conglomerate  formation,  and  in  other  analo- 
gous cases,  should  most  rarely  be  traceable  to  their 
actual  sources. 

Iquiqne,  Southern  Peru. — ^Differently  from  what  we 
have  seen  throughout  Chile,  the  coast  here  is  formed 
not  by  the  granitic  series,  but  by  an  escarpment  of  the 
porphyritic  conglomerate  formation,  between  2,000  and 
3,000  feet  in  height.'  I  had  time  only  for  a  very  short 
examination  ;  the  chief  part  of  the  escarpment  appears 
to  be  composed  of  various  reddish  and  purple,  some- 
times laminated,  porphyries,  resembling  those  of  Chile ; 
and  I  saw  some  of  the  porphyritic  breccia-conglomerate ; 
the  stratification  appeared  but  little  inclined.  The 
uppermost  part,  judging  firom  the  rocks  near  the  famous 
silver  mine  of  Huantajaya,*  consists  of  laminated,  im- 
pure, argillaceous,  purplish-gray  limestone,  associated, 
I  believe,  with  some  purple  sandstone.  In  the  lime- 
stone shells  are  found  :  the  three  following  species  wero 
given  me . — 

'  The  lowest  point,  where  ihe  road  crosses  the  ooast-escarpnienl, 
is  1,900  feet  by  the  barometer  above  the  level  of  the  sea. 

'  Mr.  Bollaert  haa  described  (*  Geolog.  Proceedings/  vol.  iL  p. 
598)  a  singular  mass  of  stratified  detritus,  gravel,  and  8and,eight7-one 
yards  in  ihickneas, overlying  the  limestone, and aboonding  with  loose 
masses  of  silver  ore.  The  miners  believe  that  thej  can  attribate 
the^e  masses  to  their  proper  reins. 
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Lncina  Americana,  E.  Forbes,.  PI.  V.  fig.  24. 
Terebratula  inca,  do.  PL  V,  figs.  19,  20. 
fienigma,  D'Orbig.  PL  V.  figs.  10, 11,  12. 

This  latter  species  we  have  seen  associated  with  the 
fossils  of  which  lists  have  been  given  in  this  chapter,  in 
two  places  in  the  valley  of  Coquimbo,  and  in  the  ravine 
of  Maricongo  at  Copiapo.  Considering  this  fact,  and 
the  superposition  of  these  beds  on  the  porphyritic  con- 
glomerate formation ;  and,  as  we  shall  immediately  see, 
from  their  containing  much  gypsum,  and  firom  their 
otherwise  close  general  resemblance  in  mineralogical 
nature  with  the  strata  described  in  the  valley  of  Copiapo, 
I  have  little  doubt  that  these  fossiliferous  beds  of  Iquique 
belong  to  the  great  cretaceo-oolitic  formation  of  Northern 
Chile.  Iquique  is  situated  seven  degrees  latitude  north 
of  Copiapo ;  and  I  may  here  mention,  that  an  Ammon- 
ites, nov.  spec,  and  Astarte,  nov.  spec.,  were  given  me 
from  the  Cerro  Pasco,  about  ten  degrees  of  latitude  north 
of  Iquique,  and  M.  d'Orbigny  thinks  that  they  probably 
indicate  a  Nepcomian  formation.  Again,  fifteen  degrees 
of  latitude  northward,  in  Colombia,  there  is  a  grand 
fossiliferous  deposit,  now  well  known  from  the  labours 
of  Von  Buch,  Lea,  d'Orbigny,  and  Forbes,  which  be- 
longs to  the  earlier  stages  of  the  cretaceous  system. 
Hence,  bearing  in  mind  the  character  of  the  few  fossils 
from  Tierra  del  Fuego,  there  is  some  evidence  that  a 
great  portion  of  the  stratified  deposits  of  the  whole  vast 
range  of  the  South  American  Cordillera  belongs  to 
about  the  same  geological  epoch. 

Proceeding  from  the  coast  escarpment  inwards,  I 
crossed,  in  a  space  of  about  thirty  miles,  an  elevated 
nndulatory  district,  with  the  beds  dipping  in  various 
directions.  The  rocks  are  of  many  kinds, — white 
laminated,  sometimes  siliceous  sandstone, — purple  and 
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red  sandstone,  sometimes  so  highly  calcareoas  as  to 
have  a  crystalline  fracture, — argillaceous  limestone, — 
black  calcaieous  slate-rock,  like  that  so  often  described 
at  Copiapo  and  other  places, — thinly  laminated,  fine- 
grained, greenish,  indurated,  sedimentaiy,  fusible  rocks, 
approaching  in  character  to  the  so-called  pseudo-hone- 
stone  of  Chile,  including  thin  contemporaneous  veins  of 
gypsum, — and  lastly,  much  calcareous,  laminated  por- 
celain jasper,  of  a  green  colour,  with  red  spots,  and  of 
extremely  easy  fusibility :  I  noticed  one  conformable 
stratum  of  a  freckled-brown,  feldspathic  lava.  I  may 
here  mention  that  I  heard  of  great  beds  of  gypsum  in 
the  Cordillera.  The  only  novel  point  in  this  formation,  is 
the  presence  of  innnmerable  thin  layers  of  rock-salt, 
alternating  with  the  laminated  and  hard,  but  sometimes 
earthy,  yellowish,  or  bright  red  and  ferruginous  sand- 
stones. The  thickest  layer  of  salt  was  only  two  inches, 
and  it  thinned  out  at  both  ends.  On  one  of  these 
saliferous  masses  I  noticed  a  stratum  about  twelve  feet 
thick,  of  dark-brown,  hard  brecciated,  easily  fusible 
rock,  containing  grains  of  quartz  and  of  black  oxide  of 
iron,  together  with  numerous  imperfect  fragments  of 
shells.  The  problem  of  the  origin  of  salt  is  so  obscure, 
that  every  fact,  even  geographical  position,  is  worth 
recording.^     With   the  exception  of  these  saliferous 

■  It  is  well  known  that  stratified  salt  is  found  in  several  places  on 
the  shores  of  Pern.  The  island  of  San  Lorenzo,  off  Lima,  is  composed 
of  a  pile  of  thin  strata,  about  800  feet  in  thickness,  composed  of 
yellowish  and  purplish,  liard  siliceous,  or  earthy  sandstones,  altera 
nating  with  thin  layers  of  shale,  which  in  places  passes  into  a 
greenish,  semi-porcellanic,  fusible  rock.  There  are  some  thin  beds  of 
reddish  mudstone,  and  soft  ferruginous  rotten-stones,  with  layers  of 
gypsum.  In  nearly  all  these  varieties,  especially  in  the  softer  sand- 
stones, there  are  numerous  thin  seams  of  rock-salt :  I  was  infoimed 
that  one  layer  has  been  found  two  inches  in  thickness.  The  manner 
in  which  the  minutest  fissures  of  the  dislocated  beds  have  been 
penetrated  by  the  salt,  apparently  by  subsequent  infiltration,  is  very 
curious.  On  the  south  side  of  the  island,  layers  of  coal  and  of 
impure  limestone  have  been  discovered.    Hence  we  here  have  salt, 
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beds,  most  of  the  rocks,  as  already  remarked,  present 
a  striking  general  resemblance  with  the  upper  parts  of 
the  gypseoas  or  cretaceo-oolitic  formation  of  Chile. 

Metalliferous  Veins. 

I  have  only  a  few  remarks  to  make  on  this  subject : 
in  nine  mining  districts,  some  of  them  of  considerable 
extent,  which  I  visited  in  Centred  Chile,  I  found  the 
principal  veins  running  from  between  [N.  and  NW.] 
to  [S.  and  SE.]  :  *  in  some  other  places,  however,  their 
course  appeared  quite  irregular,  as  is  said  to  be  gene- 
rally the  case  in  the  whole  valley  of  Copiapo :  at  Tam- 
billos,  south  of  Coquimbo,  I  saw  one  large  copper  vein 
extending  east  and  west.  It  is  worthy  of  notice,  that 
the  foliation  of  the  gneiss  and  mica-slate,  and  the 
cleavage  of  the  altered  clay-slate,  where  such  rocks 
occur,  certainly  tend  to  run  like  the  metalliferous 
veins,  though  often  irregularly,  in  a  direction  a  little 
westward  of  north.  At  Yaquil,  I  observed  that  the  prin- 
cipal auriferous  veins  ran  nearly  parallel  to  the  grain  or 
imperfect  cleavage  of  the  surrounding  granitic  rocks. 

gyptum,  and  ooal  associated  together.  The  strata  inclnde  yeins  of 
quartz,  carbonate  of  lime,  and  iron  pyrites ;  they  have  been  dislocated 
by  an  injected  mass  of  g^reenish-brown  feldspathic  trap. 

Not  only  is  salt  abundant  on  the  extreme  western  limits  of  the 
district  between  the  Cordillera  and  the  Pacific,  but,  according  to 
Helms,  it  is  found  in  the  outlying  low  hills  on  the  eastern  flank  of  the 
CordiUera.  These  facte  appear  to  me  opposed  to  the  theory,  that 
rock-salt  is  dae  to  the  sinking  of  water,  chaiged  with  salt,  in  medi- 
terranean spaces  of  the  ocean.  The  general  character  of  the  geology 
of  these  countries  would  rather  lead  to  the  opinion,  that  its  origin 
is  in  some  way  connected  with  volcanic  heat  at  the  bottom  of  the 
sea :  see  on  this  subject,  Sir  B.  Mnrchison*B  Anniversary  Address  to 
Qeolog.  Soo.  1843,  p.  65. 

'  These  mining  districts  are  Yaquil  near  Nancagua,  where  the 
direction  of  the  chief  veins,  to  which  only  in  all  cases  I  refer,  is 
north  and  south ;  in  the  Uspallata  range,  the  prevailing  line  is  NN  W. 
and  SSE. ;  in  the  C.  de  Prado,  it  is  NN  W.  and  S8E. ;  near  lUapel,  it 
is  N.  by  W.  and  8.  by  E. ;  at  Loa  Homo9,  the  direction  varies  from 
between  [N.  and  NW.]  to  [8.  and  8B]. ;  at  the  C.  de  los  Homos 
(farther  northward),  itis  NNW.  and  88E. ;  at  Panuncillo.  it  is  NNW. 
and  £>8£. :  and,  lastly,  at  Arqueros.  the  direction  is  NW.  and  8E. 
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With  respect  to  the  distribution  of  the  different  metals, 
copper,  gold,  and  iron  are  generally  associated  together, 
and  are  most  frequently  found  (but  with  many  ex* 
ceptions,  as  we  shall  presently  see)  in  the  rocks  of  the 
lower  series,  between  the  Cordillera  and  the  Pacific, 
namely,  in  granite,  syenite,  altered  feldspathic  clay- 
slate,  gneiss,  and  as  near  Guasco  mica-schist.  The 
copper  ores  consist  of  sulphurets,  oxides,  and  carbon- 
ates, sometimes  with  laminae  of  native  metal :  I  was 
assured  that  in  some  cases  (as  at  Panuncillo  SE.  of  Co- 
quimbo)  the  upper  part  of  the  same  vein  contains  oxides, 
and  the  lower  part  sulphurets  of  copper.'  Gold  occurs 
in  its  native  form ;  it  is  believed  that,  in  many  cases, 
the  upper  part  of  the  vein  is  the  most  productive  part : 
this  fisict  probably  is  connected  with  the  abundance  of 
this  metal  in  the  stratified  detritus  of  Chile,  which 
must  have  been  chiefly  derived  from  the  degradation  of 
the  upper  portions  of  the  rocks.  These  superficial  beds 
of  well-rounded  gravel  and  sand,  containing  gold, 
appeared  to  me  to  have  been  formed  under  the  sea 
close  to  the  beach,  during  the  slow  elevation  of  the 
land:  Schmidtmeyer*  remarks  that  in  Chile  gold  is 
sought  for  in  shelving  banks  at  the  height  of  some  feet 
on  tiie  sides  of  the  streams,  and  not  in  their  beds,  as 
would  have  been  the  case  had  this  metal  been  deposited 
by  common  alluvial  action.  Very  frequently  the 
copper-ores,  including  some  gold,  are  associated  with 
abundant  micaceous  specular  iroa«  6<dd  ia  often 
found  in  iron-pyrites:  at  two  gold  mines  at  Yaquil 
(near  Nanci^ua),  £  was  informed  by  the  proprietor 
that  in  one  the  gold  was  always  associated  with  oopper- 
pyriteSy  and  in  the  otiber  with  iron-pyrites:   in  this 

■  The  nme  fisci  has  been  oboervtod  faj  Mr.  Tajlor  In  Caba ; 
'London  Ffail.  Joom.*  voL  xi.  p.  21. 
*  '  Timveto  in  ChUe,'p.  S9. 
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latter  case,  it  is  said  that  if  the  vein  ceases  to  contain 
iroD-pyrites,  it  is  yet  worth  while  to  continue  the 
search,  but  if  the  iron-pyrites,  when  it  reappears,  is  not 
auriferons,  it  is  better  at  once  to  give  np  working  the 
vein.  Although  I  believe  copper  and  gold  are  most 
frequently  found  in  the  lower  granitic  and  metamorphic 
schistose  series,  yet  these  metals  occur  both  in  the 
porphyritic  coDglomerate  formation  (as  on  the  flanks  of 
the  Bell  of  Quillota  and  at  Jajuel),  and  in  the  superin- 
cumbent strata.  At  Jajuel  I  was  informed  that  the 
copper-ore,  with  some  gold,  is  found  only  in  the  greeu- 
stones  and  altered  feldspathic  clay-slate,  which  alternate 
with  the  purple  porphyritic  cdnglomerate.  Several 
gold  veins  and  some  of  copper-ore  are  worked  in  several 
parts  of  the  Uspallata  range,  both  in  the  metamor- 
phosed strata,  which  have  been  shown  to  have  been  of 
probably  subsequent  origin  to  the  Neocomian  or  gyp* 
seoas  formation  of  the  main  Cordillera,  and  in  the 
intrusive  andesitic  rocks  of  that  range.  At  Los  Homos 
(NE.  of  lUapel),  likewise,  there  are  numerous  veins  of 
copper-pyrites  and  of  gold,  both  in  the  strata  of  the 
gypseous  formation  and  in  the  injected  hills  of  andesite 
and  various  porphyries. 

Silver,  in  the  form  of  a  chloride,  sulphuret,  or  an 
amalgam,  or  in  its  native  state,  and  associated  with 
lead  and  other  metals,  and  at  Arqueros  with  pure 
Dative  copper,  occurs  chiefly  in  the  upper  great  gyp- 
seons  or  cretaceo-oolitic  formation,  which  forms  pro> 
bably  the  richest  mass  in  Chile.  We  may  instance 
the  mining  districts  of  Arqueros  near  Coqoimbo, 
and  of  nearly  the  whole  valley  of  Copiapo,  and  of 
Iquique  (where  the  principal  veins  run  N£.  by  £.  and 
SW.  by  W.),  in  Peru.  Hence  comes  Molina's  remark, 
that  silver  is  bom  in  the  cold  and  solitary  deserts  of 
the  upper  Cordillera.     There  are,  however,  exceptions 
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to  this  rale :  at  Paial  (SE.  of  Coqnimbo)  silver  is  found 
in  the  porphyritic  conglomerate  formation ;  as  I  suspect 
is  likewise  the  case  at  S.  Pedro  de  Nolasko  in  the 
Peuquenes  Pass.  Rich  argentiferous  lead  is  found  in 
the  clay-slate  of  the  Uspallata  range ;  and  I  saw  an  old 
silver  mine  in  a  hill  of  syenite  at  the  foot  of  the  Bell  of 
Quillota :  I  was  also  assured  that  silver  has  been  found 
in  the  andesitic  and  porphyritic  region  between  the 
town  of  Gopiapo  and  the  Pacific  I  have  stated  in  a 
previous  part  of  this  chapter,  that  in  two  neighbouring 
mines  at  Arqueros  the  veins  in  one  were  productive 
when  they  traversed  the  singular  green  sedimentary 
beds,  and  unproductive  when  crossing  the  reddish  beds ; 
whereas  at  the  other  mine  exactly  the  reverse  takes 
place ;  I  have  also  described  the  singular  and  rare  case 
of  numerous  particles  of  native  silver  and  of  the  chloride 
being  disseminated  in  the  green  rock  at  the  distance  of 
a  yard  from  the  vein.  Mercury  occurs  with  silver  both 
at  Arqueros  and  at  Gopiapo :  at  the  base  of  C.  de  los 
Homos  (SE.  of  Goquimbo,  a  diflferent  place  from  Los 
Homos,  befinre  mentioned)  I  saw  in  a  syenitic  rock 
numerous  quartzose  veins,  containing  a  little  cinnabar 
in  nests :  there  were  here  other  parallel  veins  of  copper 
and  of  a  ferrugino-auriferous  ore.  I  believe  tin  has 
never  been  found  in  Chile. 

From  information  given  me  by  Mr.  Nixon  of  Yaquil,' 
and  by  others,  it  appears  that  in  Chile  those  veins  are 
generally  most  permanently  productive,  which  consist- 
ing of  various  minerals  (sometimes  differing  but  slightly 
from  the  sorronnding  rocks),  include  parallel  strings 
rich  in  metals ;  snch  a  vein  is  called  a  veia,  real.  More 
commonly  the  mines  are  worked  only  where  one,  two, 


<  At  the  Donnio  mine,  the  gold  it  assocuted  with  oopper-pyritea, 
and  the  Terns  oontafn  laxge  prumf  of  plumbago.  Crystalli-ed  car- 
boiuue  of  lime  ia  one  of  the  oomnvmest  mineimU  in  the  matrix  of 
the  Chilian  veina. 
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or  more  thin  veins  or  strings  running  in  a  different 
direction,  intersect  a  j.o(yr '  veta  real : '  it  is  unanimonsly 
believed  that  at  such  points  of  intersection  (cruceros)^ 
the  quantity  of  metal  is  much  greater  than  that  con- 
tained in  other  parts  of  the  intersecting  veins.  In  some 
cruceros  or  points  of  intersection,  the  metals  extend 
even  beyond  the  walls  of  the  main,  broad,  stony  vein. 
It  is  said  that  the  greater  the  angle  of  intersection,  the 
greater  the  produce;  and  that  nearly  parallel  strings 
attract  each  other ;  in  the  Uspallata  range,  I  observed 
that  numerous  thin  auri-ferruginous  veins  repeatedly 
ran  into  knots,  and  then  branched  out  again.  I  have 
already  described  the  remarkable  manner  in  which  rocks 
of  the  Uspallata  range  are  indurated  and  blackened  (as 
if  by  a  blast  of  gunpowder)  to  a  considerable  distance 
from  the  metallic  veins. 

Finally,  I  may  observe,  that  the  presence  of  metallic 
veins  seems  obviously  connected  with  the  presence  of 
intrusive  rocks,  and  with  the  degree  of  metamorphic 
action  which  the  different  districts  o(  Chile  have 
undergone.'  Such  metamorphosed  areas  are  generally 
accompanied  by  numerous  dikes  and  injected  masses 
of  andesite  and  various  porphyries :  I  have  in  several 
places  traced  the  metalliferous  veins  from  the  in- 
trusive masses  into  the  encasing  strata.  Knowing 
that  the  porphyritic  conglomerate  formatiaa  consists  of 
alternate  streams  of  submarine  lavas  and  of  the  debris 
of  anciently  erupted  rocks,  and  that  the  strata  of  the 
upper  gypseous  formation  sometimes  include  submarine 
lavas,  and  are  composed  of  tuffs^  mudstones,  and  mineral 
substances,  probably  due  to  volcanic  exhalations, — the 
richness  of  these  strata  is  highly  remarkable  when  com- 

'  Sir  R.  Mnrchison  and  bis  fellow  trarellers  haye  given  flome 
striking  facts  on  tbis  subject  in  tbeir account  of  tbe  Ural  Mount] 
'  Geolog.  Proc*  voL  iii.  p.  748. 
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pared  with  the  erapted  beds,  often  of  submarine  origin, 
bnt  noi  metamorphosed,  which  compose  the  nnmeroas 
islands  in  the  Pacific,  Indian,  and  Atlantic  Oceans ;  for 
in  these  islands  metals  are  entirely  absent,  and  their 
nature  even  unknown  to  the  aborigines. 

Summary  on  ihs  Geological  History  of  the  Chilian 
Cordillera^  and  of  the  Sotdhem  Parts  of  South 
America, 

We  have  seen  that  the  shores  of  the  Pacific^  for  a 
space  of  1,200  miles  firom  Tres  Montes  to  Copiapo,  and 
I  believe  for  a  very  much  greater  distance,  are  com- 
posed, with  the  exception  of  the  tertiary  basins,  of  meta- 
morphic  schists,  plutonic  rucks,  and  more  or  less  altered 
clay-slate.  On  the  floor  of  the  ocean  thus  constituted, 
vast  streams  of  various  purplish  clay-stone  and  green- 
stone porphyries  were  poured  forth,  together  with  great 
alternating  pUes  of  angular  and  rounded  fragments  of 
similar  rocks  ejected  from  the  submarine  craters.  From 
the  compactness  of  the  streams  and  fragments,  it  is 
probable  that,  with  the  exception  of  some  districts  in 
Northern  Chile,  the  eruptions  took  place  in  profoundly 
deep  water.  The  orifices  of  eruption  appear  to  have 
been  studded  over  a  breadth,  with  some  outliers,  of 
from  50  to  100  miles:  and  closely  enough  together, 
both  north  and  south,  and  east  and  west,  for  the  ejected 
matter  to  form  a  continuous  mass,  which  in  Central 
Chile  is  moro  than  a  mile  in  thickness.  I  traced  this 
mould-like  mass,  for  only  450  miles ;  bnt  judging  from 
what  I  saw  at  Iquique,  from  specimens,  and  from 
published  accounts,  it  appears  to  have  a  manifold 
greater  length.  In  the  basal  parts  of  the  series,  .and 
especially  towards  the  flanks  of  the  range,  mud,  since 
converted  into  a  feldspathic  slaty  rock,  and  sometimes 
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into  green-stone,  was  occasionally  deposited  between 
the  beds  of  erupted  matter :  with  this  exception  the 
uniformity  of  the  porphyritic  rocks  is  very  remarkable. 

At  the  period  when  the  clay-stone  and  green-stone 
porphyries  nearly  or  quite  ceased  being  erupted,  that 
great  pile  of  strata  which,  from  often  abounding  with 
gypsum,  I  have  generally  called  the  Gypseous  formation 
was  deposited,  and  feldspathic  lavas,  together  with 
other  singular  volcanic  rocks,  were  occasionally  poured 
forth :  I  am  far  from  pretending  that  any  distinct  line 
of  demarkation  can  be  drawn  between  this  formation 
and  the  underlying  porphyries  and  porphyritic  con- 
glomerate, but  in  a  mass  of  such  great  thickness,  and 
between  beds  of  such  widely  different  mineralogical 
nature,  some  division  was  necessary.  At  about  the 
commencement  of  the  gypseous  period,  the  bottom  of 
the  sea  here  seems  first  to  have  been  peopled  by  shells, 
not  many  in  kind,  but  abounding  in  individuals.  At 
the  P.  del  Inca  the  fossils  are  embedded  near  the  base 
of  the  formation ;  in  the  Peuquenes  range,  at  different 
levels,  half-way  up,  and  even  higher  in  the  series; 
hence,  in  these  sections,  the  whole  great  pile  of  strata 
belongs  to  the  same  period :  the  same  remark  is  appli- 
cable to  the  beds  at  Copiapo,  which  attain  a  thickness  of 
between  7,000  and  8,000  feet.  The  fossil  shells  in  the 
Cordillera  of  Central  Chile,  in  the  opinion  of  all  the 
palaeontologists  who  have  examined  them,  belong  to 
the  earlier  stages  of  the  cretaceous  system ;  whilst  in 
Northern  Chile  there  is  a  most  singular  mixture  of  cre- 
taceous and  oolitic  forms :  from  the  geological  relations, 
however,  of  these  two  districts,  I  cannot  but  think  that 
they  all  belong  to  nearly  the  same  epoch,  which  I  have 
provisionally  called  cretaceo-oolitic. 

The  strata  in  this  formation,  composed  of  black 
calcareous  shaly-rocks  of  red  and  white,  and  sometimes 
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siliceous  sandstones,  of  coarse  conglomerates,  lime- 
stones, tnffs,  dark  mud-stones,  and  those  singular  fine- 
grained rocks  which  I  have  called  pseudo-honestones, 
vast  beds  of  gypsum,  and  many  other  jaspery  and 
scarcely  describable  varieties,  vary  and  replace  each 
other  in  short  horizontal  distances,  to  an  extent,  I 
believe,  nnequaUed  even  in  any  tertiary  basin.  Most 
of  these  substances  are  easily  fusible,  and  have  appa- 
rently been  derived  either  from  volcanos  still  in  quiet 
action,  or  from  the  attrition  of  volcanic  products.  If 
we  picture  to  ourselves  the  bottom  of  the  sea,  rendered 
uneven  in  an  extreme  degree,  with  numerous  craters, 
some  few  occasionally  in  eruption,  but  the  greater 
number  in  the  state  of  solfataras,  discharging  calcareous, 
siliceous,  ferruginous  matters,  and  gypsum  or  sulphuric 
acid  to  an  amount  surpassing,  perhaps,  even  the  exist- 
ing sulphureous  volcanos  of  Java,^  we  shall  probably 
understand  the  circumstances  under  which  this  singular 
pile  of  varying  strata  was  accumulated.  The  shells 
appear  to  have  lived  at  the  quiescent  periods  when  only 
limestone  or  calcareo-argillaceous  matter  was  deposit- 
ing. From  Dr.  Gillies's  account,  this  gypseous  or 
cretaceo-oolitic  formation  extends  as  far  south  as  the 
Pass  of  Planchon,  and  I  followed  it  northward  at  in- 
tervals for  500  miles  :  judging  from  the  character  of  the 
beds  with  the  Terebratula  (enigma^  at  Iquique,  it 
extends  from  400  to  500  miles  farther;  and  perhaps 
even  for  ten  degrees  of  latitude  north  of  Iquique  to  the 
Cerro  Pasco,  not  far  from  Lima :  again,  we  know  that 
a  cretaceous  formation,  abounding  with  fossils,  is  largely 
developed  north  of  the  equator,  in  Columbia :  in  Tierra 
del  Fuego,  at  about  this  same  period,  a  wide  district  of 
day-slate  was  deposited,   which   in   its   mineralogical 

*  Von  Bnch's  *  Descript.  Physique  dtfis  Des  Canaries/  p.  42S. 
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characters  and  external  features,  might  be  compared  to 
the  Silurian  regions  of  North  Wales,  The  gypseous 
formation,  like  that  of  the  porphyritic  breccia-conglo- 
merate on  which  it  reste,  is  of  inconsiderable  breadth ; 
though  of  greater  breadth  in  Northern  than  in  Central 
Chile. 

As  the  fossil  shells  in  this  formation  are  covered,  in 
the  Peuquenes  ridge  by  a  great  thickness  of  strata,  at 
the  Puente  del  Inca  by  at  least  5,000  feet ;  at  Coquimbo, 
though  the  superposition  there  is  less  plainly  seen,  by 
about  6,000  feet;  and  at  Copiapo  certainly  by  5,000 
or  6,000,  and  probably  by  7,000  feet  (the  same  species 
there  recurring  in  the  upper  and  lower  parts  of  the 
series)  we  may  feel  confident  that  the  bottom  of  the 
sea  subsided  during  this  cretaceo-oolitio  period,  so  as 
to  allow  of  the  accumulation  of  the  superincumbent 
submarine  strata.  This  conclusion  is  confirmed  by,  or 
perhaps  rather  explains,  the  presence  of  the  many  beds 
at  many  levels  of  coarse  conglomerate,  the  well-rounded 
pebbles  in  which  we  cannot  believe  were  transported  in 
very  deep  water.  Even  the  underlyiiig  porphyries  at 
Copiapo,  with  their  highly  amygdaloidal  surfaces,  do 
not  appear  to  have  flowed  under  great  pressure.  The 
great  sinking  movement  thus  plainly  indicated,  must 
have  extended  in  a  north  and  south  line  for  at  least 
400  miles,  and  probably  was  co-extensive  with  the 
gypseous  formation. 

The  beds  of  conglomerate  just  referred  to,  and  the 
extraordinarily  numerous  silicified  trunks  of  fir-trees 
at  Los  Homos,  perhaps  at  Coquimbo  and  at  two  di^ 
tant  points  in  the  valley  of  Copiapo,  indicate  that  land 
existed  at  this  period  in  the  neighbourhood.  This  land, 
or  islands,  in  the  northern  part  of  the  district  of 
Cop'apo,  must  have  been  almost  exclusively  composed, 
judging  from  the  nature  of  the  pebbles,  of  g^ranite ;  in 
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the  southern  parts  of  Copiapo,  it  mast  have  been 
mainly  formed  of  clay-stone  porphyries,  with  some 
mica-schist,  and  with  much  sand-stone  and  jaspery 
rocks  exactly  like  the  rocks  in  the  gypseoas  formation, 
and  no  doubt  belonging  to  its  basal  series.  In  several 
other  places  also,  during  the  accumulation  of  the 
gypseous  formation,  its  basal  parts  and  the  underlying 
porphyritic  conglomerate  must  likewise  have  been 
already  partially  upheaved  and  exposed  to  wear  and 
tear ;  near  the  Puente  del  Inca  and  at  Goquimbo,  there 
must  have  existed  masses  of  mica-schist  or  some  such 
rock,  whence  were  derived  the  many  small  pebbles  of 
opaque  quartz.  It  follows  from  these  facts,  that  in 
some  parts  of  the  Cordillera  the  upper  beds  of  the 
gypseous  formation  must  lie  unconformably  on  the 
lower  beds;  and  the  whole  gypseous  .formation,  in 
parts,  UBConformably  on  the  porphyritic  conglomerate ; 
although  I  saw  no  such  cases,  yet  in  many  places  the 
gypseoua  formation  is  entirely  absent ;  and  this,  although 
no  doubt  generally  caused  by  quite  subse(|uent  denuda* 
tion,  may  in  others  be  due  to  the  underlying  porphy- 
ritic conglomerate  having  been  locally  upheaved  before 
the  deposition  of  the  gypseous  strata,  and  thus  having 
become  the  source  of  the  pebbles  of  porphyry  embedded 
in  them.  In  the  porphyritic  conglomerate  formation, 
in  its  lower  and  middle  parts,  there  is  very  rarely  any 
evidence,  with  the  exception  of  the  small  quartz  pebbles 
at  Jajuel,  near  Aconcagua,  and  of  the  single  pebble  of 
granite  at  Copiapo,  of  the  existence  of  neighbouring 
land :  in  the  upper  parts,  however,  and  especially  in  the 
district  of  Copiapo,  the  number  of  thoroughly  well- 
rounded  pebbles  of  compact  porphyries  make  me  be- 
lieve, that,  as  during  the  prolonged  accumulation  of 
the  gypseous  formation  the  loww  beds  had  already  been 
locally  upheaved  and  exposed  to  wear  and  tear,  so  it 
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was  with  the  porphyritic  conglomerate.  Hence  in 
following  thus  far  the  geological  history  of  the  Cor«^ 
dillera,  it  may  be  inferred  that  the  bed  of  a  deep  and 
open,  or  nearly  open,  ocean  was  filled  np  by  porphyritic 
eruptions,  aided  probably  -by  some  general  and  some 
local  elevations,  so  that  comparatively,  shallow  level  at 
which  the  cretaceo-oolitic  shells  first  lived.  At  this 
period,  the  submarine  craters  yielded  at  intervals  a 
prodigious  supply  of  gypsum  and  other  mineral  exhali^ 
tions,  and  occusionally,  in  certain  places  poured  forth 
lavas,  chiefly  of  a  feldspathic  nature:  at  this  period, 
islands  clothed  with  fir-trees  and  composed  of  porphy* 
ries,  primary  rocks,  and  the  lower  gypseous  strata  had 
already  been  locally  upheaved,  and  exposed  to  the 
action  of  the  waves  ; — ^the  general  movement,  however, 
at  this  time  having  been  over  a  very  wide  area,  one  ot 
slow  subsidence,  prolonged  till  the  bed  of  the  sea  sank 
several  thousand  feet. 

In  Central  Chile,  after  the  deposition  of  a  great 
thickness  of  the  gypseous  strata,  and  after  their  up- 
heaval, by  which  the  Cumbre  and  adjoining  ranges  were 
formed,  a  vast  pile  of  tufaceous  matter  and  submarine 
lava  was  accumulated,  where  the  Uspallata  chain  now 
stands ;  also  after  the  deposition  and  upheaval  of  the 
equivalent  gypseous  strata  of  the  Peuquenes  range,  the 
great  thick  mass  of  conglomerate  in  the  valley  of 
Tenuyan  was  accumulated:  during  the  deposition  of 
the  Uspallata  strata,  we  know  absolutely,  from  the 
buried  vertical  trees,  that  there  was  a  subsidence  of 
some  thousand  feet ;  and  we  may  infer  from  the  nature 
of  the  conglomerate  in  the  valley  of  Tenuyan,  that  a 
similar  and  perhaps  contemporaneous  movement  there 
took  place.  We  have,  then,  evidence  of  a  second  great 
period  of  subsidence  ;  "and,  as  in  the  case  of  the  sul^ 
sidence  which   accompanied   the  accumulation  of  the 
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cretaceo*oolitic  strata,  so  this  later  sabsidence  appears 
to  have  been  complicated  by  alternate  or  local  elevatory 
movement — for  the  vertical  trees,  baried  in  the  midst 
of  the  Uspallata  strata,  must  have  grown  on  diy  land, 
formed  by  the  upheaval  of  the  lower  submarine  beds. 
Presently  I  shall  have  to  recapitalate  the  &cts,  showing 
that  at  a  still  later  period,  namely,  at  nearly  the  com- 
mencement of  the  old  Tertiary  deposits  of  Patagonia  and 
of  Chile,  the  continent  stood  at  nearly  its  present  level, 
and  then  for  the  third  time,  slowly  subsided  to  the 
amount  of  several  hundred  feet,  and  was  afterwards 
slowly  re-uplifted  to  its  present  level. 

Hie  highest  peaks  of  the  Cordillera  appear  to  con- 
sist of  active  or  more  commonly  dormant  volcanos, — 
such  as  TupungatOy  Maypu,  and  Aconcagua,  which 
latter  stands  23,000  feet  above  the  Jevel  of  the  sea,  and 
many  others.  The  next  highest  peaks  are  formed  of 
the  gypseous  and  porphyritic  strata,  thrown  into  vertical 
or  highly  inclined  positions.  Besides  the  elevation  thus 
gained  by  angular  displacements,  I  infer,  without  any  hesi- 
tation— ^firom  the  stratified  gravel-fringes  which  gently 
slope  up  the  valleys  of  the  Cordillera  from  the  gravel- 
capped  plains  at  their  base,  which  latter  are  connected 
with  the  plains,  still  covered  with  recent  shells  on  the 
coast — ^that  this  great  range  has  been  upheaved  in  mass 
by  a  slow  movement,  to  an  amount  of  at  least  8,000 
feet.  In  the  Despoblado  Valley,  north  of  Copiapo,  the 
horizontal  elevation,  judging  from  the  compact,  stra- 
tified tufaceous  deposit,  capping  the  distant  mountains 
at  corresponding  heights,  was  about  10,000  feet.  It  is 
rery  possible,  or  rather  probable,  that  this  elevation  in 
mass  may  not  have  been  strictly  horizontal,  but  more 
energetic  under  the  Cordillera,  than  towards  the  coast 
on  either  side ;  nevertheless,  movements  of  this  kind 
may  be  conveniently  distinguished  from  those  by  which 
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strata  have  beea  abraptly  broken  and  nptamed.  Wlien 
viewing  the  Cordillera,  before  having  read  Mr.  Hopkins's 
profound  '  Researches  on  Physical  Geology/  the  convic- 
tion was  impressed  on  me,  that  the  angular  dislocations, 
however  violent,  were  quite  subordinate  in  importance 
to  the  great  upward  movement  in  mass,  and  that  they 
had  b^n  caused  by  the  edges  of  the  wide  fissures, 
which  necessarily  resulted  from  the  tension  of  the 
elevated  area,  having  yielded  to  the  inward  rush  of 
fluidified  rock,  and  having  thus  been  upturned. 

The  ridges  formed  by  the  angularly  upheaved  strata 
are  seldom  of  great  length :  in  the  central,  parts  of  the 
Cordillera  they  are  generally  parallel  to  each  other, 
and  run  in  north  and  south  lines;  but  towards  the 
flanks  they  often  extend  more  or  less  obliquely.  The 
angular  displacement  has  been  much  more  violent  in 
the  central  than  in  the  exterior  main  lines  ;  but  it  has 
likewise  been  violent  in  some  of  the  ramor  lines  on  the 
extreme  flanks.  The  violence  has  been  very  unequal 
on  the  same  short  lines ;  the  crust  having  apparently 
tended  to  yield  on  certain  points  along  the  lines  of 
fissures.  These  points,  I  have  endeavoured  to  show, 
were  probably  first  foci  of  eruption,  and  afterwards  of 
injected  masses  of  porphyry  and  andesite.^  The  close 
similarity  of  the  andesitic  granites  and  porphyries, 
throughout  Chile,  Tierra  del  Fnego,  and  even  in  Pern, 
is  very  remarkable.  The  prevalence  of  feldspar  cleav- 
ing like  albite,  is  common  not  only  to  the  andesites, 
but  (as  I  infer  from  the  high  authority  of  Prof.  O. 
Bose,  as  well  as  from  my  own  measurements)  to  the 
various  clay-stone  and  green-stone  porphyries,  and  to 

>  Sir  R.  MnrobiBon,  mnd  his  companions  state  (*  Geolog.  Proo.* 
▼ol.  iii.  p.  747X  that  no  trae  ^raDite  appears  in  the  higher  Ural 
MoantaiiTS ;  bat  that  sjenitic  greenstone — a  rock  closely  analogous 
to  oar  andcHBite  -Is  by  far  the  most  abundant  of  the  intrusive 
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the  trachytic  lavas  of  the  Cordillera.  The  andesitic 
rocks  have  in  most  cases  been  the  last  injected  ones, 
and  they  probably  form  a  continnoos  dome  onder  this 
great  range :  they  stand  in  intimate  relationship  with 
the  modem  lavas;  and  thfty  seem  to  have  been  the 
immediate  agent  in  metamorphosing  the  porphyritic 
conglomerate  formation,  and  often  likewise  the  gypaeons 
strata,  to  the  extraordinaiy  extent  to  which  they  have 
soffered. 

With  respect  to  the  age  at  which  the  several  parallel 
ridges  composing  the  Cordillera  were  npthrown,  I  have 
little  evidence.  Many  of  them  may  have  been  oon- 
temporaneonsly  elevated  and  injected  in  the  same 
manner'  as  in  volcanic  archipelagoes  lavas  are  contem- 
poraneonsly  ejected  <m  the  parallel  lines  <^  fissure. 
Bnt  the  pebbles  apparently  derived  finom  the  wear  and 
tear  of  the  porphyritic  conglomerate  formation,  which 
are  occasionally  present  in  the  npper  parts  <^  this  same 
formation,  and  are  often  present  in  the  gypseous  for- 
mation, together  with  the  pebbles  from  the  basal  parte 
of  the  latter  formaticMi  in  ite  upper  strata,  render  it 
almost  certain  that  portions,  we  may  infer  ridges,  of 
these  two  formations  were  successively  upheaved.  In 
the  case  of  the  gigantic  Portillo  range,  we  may  feel 
almost  certain  that  a  pre-existing  granitic  line  was  up- 
raised (not  by  a  single  blow,  as  shown  by  the  highly 
inclined  basaltic  streams  in  the  valley  on  ite  eastern 
flank)  at  a  period  long  subsequent  to  the  upheavement 
^  the  parallel  Peuquenes  range.'   Again,  subsequently 


*  See  the  latter  part  of  Chipter  VL 

'  I  have  eDdeaTonred  to  show  in  mj  'Journal  *  (2iid  edit.  p.  321), 
thai  the  singular  fact  of  the  river,  which  dnins  the  vallej  between 
these  two  langesy  passing  throngh  the  Portillo  and  higher  line»  ia 
explained  by  iu  dow  and  sobieqiieDt  elevation.  There  axe  manj 
analogous  cases  in  the  drainage  of  rivets :  see '  fidiiibnigh  New  PbiL 
JoviBal,'  voL  zzvilL  pp.  33  mSk  44. 
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to  the   upheavement  of  the    Cumbre   chain,  that   of 
Uspallata  was  formed  and  elevated ;  and  afterwards^  I 
may  add,  in  the  plain  of  Uspallata,  beds  of  sand  and 
gravel  were  violently  npthrown.     The  manner  in  which 
the  various  kinds  of  porphyries  and  andesites  have  been 
injected  one  into  the  other,  and  in  which  the  infinitely 
numerous  dikes  of  various  composition  intersect  each 
other,  plainly  show  that  the  stratified   crust  has  been 
stretched  and  yielded  many  times  over  the  same  points. 
With  respect  to  the  age  of  the  axes  of  elevation  between 
the  Pacific  and  the  Cordillera,  I  know  little :  but  there 
are  some  lines  which    must — namely,  those   running 
north  and  south  in  Chiloe,  those  eight  or  nine  east  and 
west,  parallel,  far^extended,  most  symmetrical  uniclinal 
lines  at  P.  Rumena,  and  the  short  NW.-SE.  and  NE.- 
SW.  lines  at  Concepcion — have  been  upheaved  long 
after  the  formation  of  the  Cordillera.     Even  during  the 
earthquake  of  1835,  when  the  linear  north  and  south 
islet  of  St.  Mary  was  uplifted  several  feet  above  the 
surrounding  area,  we  perhaps  see  one  feeble  step  in  the 
formation  of  a  subordinate  mountain-axis.     In  some 
cases,  moreover,  for  instance,  near  the  baths  of  Cauquenes, 
I  was  forcibly  struck  with  the  small  size  of  the  breaches 
cut  through  the  exterior  mountain-ranges,  compared 
with  the  size  of  the  same  valleys  higher  up  where  enter- 
ing  the  Cordillera;    and   this  circumstance  appeared 
to  me  scarcely  explicable,  except  on   the  idea  of  the 
exterior  lines  having  been  subsequently  upthrown,  and 
therefore  having  been  exposed  to  a  less  amount  of  denu- 
dation.    From   the  manner  in  which  the   fringes   of 
gravel  are  prolonged  in  unbroken  slopes  up  the  valleys 
of  the  Cordillera,  I  infer  that  most  of  the  greater  dis- 
locations took  place  during  the  earlier  parts  of  the  great 
elevation  in  mass:  I  have,  however,  elsewhere  given  a 
case,  and  M.  de  Tschudi  ^  has  given  another,  of  a  ridge 
I  *  Reise  in  Pern,'  Band  2.  8.  S :— Author's  Journal,  Snd  edit.  p.  359. 
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thrown  up  in  Peru  across  the  bed  of  a  river,  and  conse- 
quently after  the  final  elevation  of  the  country  above 
the  level  of  the  sea. 

Ascending  to  the  older  Tertiary  formations,  I  will 
not  again  recapitulate  the  remarks  already  given  at  the 
end  of  the  Twelfth  Chapter, — on  their  great  extent,  es* 
pecially  along  the  shores  of  the  Atlantic — on  their  anti* 
quity,  perhaps  corresponding  with  that  of  the  Eocene 
deposits  of  Europe, — on  the  almost  entire  dissimilarity, 
though  the  formations  are  apparently  contemporaneous, 
of  the  fossils  ^m  the  eastern  and  western  coasts,  as  is 
likewise  the  case,  CYen  in  a  still  more  marked  degree^ 
with  the  shells  now  living  in  these  opposite  though 
approximate  seas,— on  the  climate  of  this  period  not 
having  been  more  tropical  than  what  might  have  been 
expected  from  the  latitudes  of  the  places  under  which 
the  deposits  occur ;  a  circumstance  rendered  well 
worthy  of  notice,  from  the  contrast  with  what  is  known 
to  have  been  the  case  during  the  older  Tertiary  periods 
of  Europe,  and  likewise  from  the  fact  of  the  Southern 
Hemisphere  having  suffered  at  a  much  later  period, 
apparently  at 'the  same  time  with  the  Northern  Hemi- 
sphere, a  colder  or  more  equable  temperature,  as  shown 
by  the  zones  formerly  affected  by  ice-action.  Nor  will 
I  recapitulate  the  proofs  of  the  bottom  of  the  sea,  both 
on  the  eastern  and  western  coast,  having  subsided  700 
or  800  feet  during  this  Tertiary  period  ;  the  movement 
having  apparently  been  co-extensive,  or  nearly  co-ex- 
tensive, with  the  deposits  of  this  age.  Nor  will  I  again 
give  the  facts  and  reasoning  on  which  the  proposition 
was  founded,  that  when  the  bed  of  the  sea  is  either 
stationary  or  rising,  circumstances  are  far  less  favour- 
able than  when  its  level  is  sinking,  to  the  accumulation 
of  oonchiferous  deposits  of  sufficient  thickness,  exten- 
sion,  and    hardness    to   resist,   when    upheaved,   the 


596     Summary  of  Tertiary  Formations  pabt  il 

ordinary  vast  amonnt  of  denudation.  We  have  seen 
that  the  highly  remarkable  fact  of  the  absence  of  any 
extensive  formations  containing  recent  shells,  either  on 
the  eastern  or  western  coasts  of  the  continent, — though 
these  coasts  now  abound  with  living  Mollusca, — though 
they  are,  and  apparently  have  always  been,  as  favour- 
able for  the  deposition  of  sediment  as  they  were  when 
the  Tertiary  formations  were  copiously  deposited, — and 
though  they  have  been  upheaved  to  an  amount  quite 
sufficit^nt  to  bring  up*  strata  from  the  depths  the  most 
fertile  for  animal  life, — can  be  explained  in  accordance 
with  the  above  proposition.  As  a  deduction,  it  was  also 
attempted  to  be  shown,  first,  that  the  want  of  close 
sequence  in  the  fossils  of  successive  formations,  and  of 
successive  stages  in  the  same  formation,  would  follow 
from  the  improbability  of  the  same  area  continuing 
slowly  to  subside  from  one  whole  period  to  another,  or 
even  during  a  single  entire  period ;  and  secondly,  that 
certain  epochs  having  been  favourable  at  distant  points, 
in  the  same  quarter  of  the  world  for  the  synchronous 
accumulation  of  fossiliferous  strata,  would  follow  from 
movements  of  subsidence  having  apparently,  like  those 
of  elevation,  contemporaneously  affected  very  large 
areas. 

There  is  another  point  which  deserves  some  notice, 
namely,  the  analogy  between  the  upper  j)arts  of  the 
Patagonian  Tertiary  formation,  as  well  as  of  the  upper 
possibly  contemporaneous  beds  at  Chiloe  and  Concep- 
cion,  with  the  great  gypseous  formation  of  Cordillera ; 
for  in  both  formations,  the  rocks,  in  their  fusible  nature, 
in  their  containing  gypsum,  and  in  many  other  cha- 
racters, show  a  connection,  either  intimate  or  remote, 
with  volcanic  action;  and  as  the  strata  in  both  were 
accumulated  during  subsidence,  it  appears  at  first 
natural  to  connect  this  sinking  movement  with  a  state 
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of  high  activity  in  the  neighbouring  volcanos.  Daring 
the  cretaceo-oolitic  period  this  certainly  appears  to  have 
been  the  case  at  the  Paente  del  Inca,  judging  from  the 
number  of  intercalated  lava-streams  in  the  lower  3,000 
feet  of  strata ;  but  generally,  the  volcanic  orifices  seem 
at  this  time  to  have  existed  as  submarine  solfataras,  and 
were  certainly  quiescent  compared  with  their  state 
daring  the  accumulation  of  the  porphyiitic  conglomerate 
formation.  During  the  deposition  of  the  tertiary  strata 
we  know  that  at  S.  Cruz,  deluges  of  basaltic  lava  were 
poured  forth  ;  but  as  these  lie  in  the  upper  part  of  the 
series,  it  is  possible  that  the  subsidence  may  at  that 
time  have  ceased :  at  Chiloe,  I  was  unable  to  ascertain 
to  what  part  of  the  series  the  pile  of  lavas  belonged. 
The  Uspallata  tuffs  and  great  streams  of  submarine 
lavas,  were  probably  intermediate  in  age  between  the 
cretaceo-oolitic  and  older  Tertiary  formations,  and  we 
know  from  the  buried  trees  that  there  was  a  great  sub- 
sidence during  their  accumulation ;  but  even  in  this 
case,  the  subsidence  may  not  have  been  strictly  con- 
temporaneous with  the  great  volcanic  eruptions,  for  we 
must  believe  in  at  least  one  intercalated  period  of  eleva- 
tion, during  which  the  ground  was  upraised  on  which 
the  now  buried  trees  grew.  I  have  been  led  to  make 
these  remarks,  and  to  throw  some  doubt  on  the  strict 
contemporaneousness  of  high  volcanic  activity  and 
movements  of  subsidence,  from  the  conviction  impressed 
^  on  my  mind  by  the  study  of  coral  formations,^  that 
these  two  actions  do  not  generally  go  on  synchronously ; 
— on  the  contrary,  that  in  volcanic  districts,  subsidence 
ceases  as  soon  as  the  orifices  burst  forth  into  renewed 
action,  and  only  recommences  when  they  again  have 
become  dormant. 

'  The  Stinctore,  &c.  of  Coral  Reefs,  1st  ed.  p.  110 ;  2orl  ed.  p.  180. 
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At  a  later  period,  the  Pampean  mud,  of  estuary 
origin,  was  deposited  over  a  wide  area, — in  one  district 
conformably  on  the  underlying  old  tertiary  strata,  and 
in  another  district  unconformably  on  them,  afler  their 
upheaval  and  denudation.  During  and  before  the 
accumulation,  however,  of  these  old  Tertiary  strata, 
and,  therefore,  at  a  veiy  remote  period,  sediment, 
strikingly  resembling  that  of  the  Pampas,  was  depo- 
sited ;  showing  during  how  long  a  time  in  this  case  the 
same  agencies  were  at  work  in  the  same  area.  The 
deposition  of  the  Pampean  estuary  mud  was  accom- 
panied, at  least  in  the  southern  parts  of  the  Pampas, 
by  an  elevatory  movement,  so  that  the  M.  Hermoso 
beds  probably  were  accumulated  after  the  upheaval  of 
those  round  the  S.  Ventana ;  and  those  at  P.  Alta  after 
the  upheaval  of  the  Monte  Hermoso  strata ;  but  there 
is  some  reason  to  suspect  that  one  period  of  subsidence 
intervened,  during  which  mud  was  deposited  over  the 
coarse  sand  of  the  Barrancas  de  S.  Gregorio,  and  on  the 
higher  parts  of  Banda  Oriental.  The  mammiferous 
animals  characteristic  of  this  formation,  many  of  which 
differ  as  much  from  the  present  inhabitants  of  South 
America,  as  do  the  eocene  mammals  of  Europe  from 
the  present  ones  of  that  quarter  of  the  globe,  certainly 
co-existed  at  B.  Blanca  with  twenty  species  of  moUusca, 
one  balanus,  and  two  corals,  all  now  living  in  the 
adjoining  sea:  this  is  likewise  the  case  in  Patagonia 
with  the  Macrauchenia,  which  co-existed  with  eight  ^ 
shells,  still  the  commonest  kinds  on  that  coast.  I  will 
not  repeat  what  I  have  elsewhere  said,  on  the  place  of 
habitation,  food,  wide  range,  and  extinction,  of  the 
numel^ous  gigantic  mammifers,  which  at  this  late 
period  inhabited  the  two  Americas. 

The  nature  and  grouping  of  the  shells  embedded  in 
the  old  Tertiary  formations  of  Patagonia  and  Chile, 
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show  us,  that  the  continent  at  that  period  must  have 
stood  only  a  few  fathoms  below  its  present  level,  and 
that  afterwards  it  subsided  over  a  wide  area,  700  or 
800  feet.  The  manner  in  which  it  has  since  been  re- 
brought  up  to  its  actual  level,  was  described  in  detail 
in  the  Eighth  and  Ninth  Chapters.  It  was  there  shown 
that  recent  shells  are  found  on  the  shores  of  the  Atlan- 
tic, from  Tierra  del  Puego  northward  for  a  space  of  at 
least  1,180  nautical  miles,  and  at  the  height  of  about 
100  feet  in  La  Plata,  and  of  400  feet  in  Patagonia. 
The  elevatory  movements  on  this  side  of  the  continent 
have  been  slow ;  and  the  coast  of  Patagonia,  up  to  the 
height  in  one  part  of  950  feet  and  in  another  of  1,200 
feet,  is  modelled'  into  eight  great,  step-like,  gravel- 
capped  plains,  extending  for  hundreds  of  miles  with  the 
same  heights ;  this  fact  shows  that  the  periods  of  denu- 
dation (which,  judging  from  the  amount  of  matter 
removed,  must  have  been  long-continued)  and  of  eleva- 
tion were  synchronous  over  surprisingly  great  lengths 
of  coasts.  On  the  shores  of  the  Pacific,  upraised  shells 
of  recent  species,  generally,  though  not  always,  in  the 
same  proportional  numbers  as  in  the  adjoining  sea, 
have  actually  been  found  over  a  north  and  south  space 
of  2,075  miles,  and  there  is  reason  to  bdlieve  that  they 
occur  over  a  space  of  2,480  miles.  The  elevation  on 
this  western  side  of  the  continent  has  not  been  equable ; 
at  Valparaiso,  within  the  period  during  which  upraised 
shells  have  remained  undecayed.  on  the  surface,  it  has 
been  1,300  feet,  whilst  at  Coquimbo,  200  miles  north- 
ward, it  has  been  within  this  same  period  only  252 
feet.  At  Lima,  the  land  has  been  uplifted  at  least 
eighty-feet  since  Indian  man  inhabited  that  district; 
but  the  level  within  historical  times  apparently  has 
subsided.  At  Coquimbo,  in  a  height  of  364  feet,  the 
elevation  has  been  interrupted  by  five  periods  of  com* 
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parative  rest.  At  several  places  the  land  has  been 
lately,  or  still  is,  rising  both  insensibly  and  by  sudden 
starts  of  a  few  feet  daring  earthquake-shocks;  this 
shows  that  these  two  kinds  of  upward  movement  are 
intimately  connected  together.  For  a  space  of  775 
miles,  upraised  recent  shells  are  found  on  the  two  op- 
posite sides  of  the  continent ;  and  in  the  southern  half 
of  this  space,  it  may  be  safely  inferred  from  the  slope 
of  the  land  up  to  the  Cordillera,  and  from  the  shells 
found  in  the  central  part  of  Tierra  del  Fuego,  and  high 
up  the  river  Santa  Cruz,  that  the  entire  breadth  of  the 
continent  has  been  uplifted.  From  the  general  oc- 
currence on  both  coasts  of  successive  lines  of  escarp- 
ments, of  sandunes  and  marks  of  erosion,  we  must 
conclude  that  the  elevatory  movement  has  been  nor- 
mally interrupted  by  periods,  when  the  land  either  was 
stationary,  or  when  it  rose  at  so  slow  a  rate  as  not  to 
resist  the  average  denuding  power  of  the  waves,  or 
when  it  subsided.  In  the  case  of  the  present  high  sea- 
cliffs  of  Patagonia  and  in  other  analogous  instances,  we 
have  seen  that  the  difficulty  in  understanding  how 
strata  can  be  removed  at  those  depths  under  the  sea,  at 
which  the  currents  and  oscillations  of  the  water  are 
depositing  a  smooth  surface  of  mud,  sand,  and  sifted 
pebbles,  leads  to  the  suspicion  that  the  formation  or 
denudation  of  such  cliffs  has  been  accompanied  by  a 
sinking  movement. 

In  South  America,  everything  has  taken  place  on  a 
grand  scale,  and  all  geological  phenomena  are  still  in 
active  operation.  We  know  how  violent  at  the  present 
day  the  earthquakes  are,  we  have  seen  how  great  an 
area  is  now  rising,  and  the  plains  of  tertiary  origin  are 
of  vast  dimensions;  an  almost  straight  line  can  be 
drawn  from  Tierra  del  Fuego  for  1,600  miles  northward, 
and  probably  for  a  much  greater  distance,  which  shall 
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deposLUs;  a>  eqpabwe  has  he^n lk»  iiip)i<e«iY^  of  iW  WsU, 
that  throa:7b«:t  this  kmsr  Une^  not  m  &ult  in  ih^  ^in^lw 
ficati»?a  or  dbrapt  dtsjoemtioii  wtis^  MiTwb<M>£^  ^VU^ii;>rv«i)^^ 
Loddng  to  the  baadi,  metamorphie,  and  plutoi^io  i\X'k« 
of  the  oGDtiDeiit.  the  areas  feraied  of  them  aJK^  Uk^wi^t^ 
▼ast ;  and  their  planes  of  cleavage  and  foliiitH>n  »tiikt^ 
OTer  snrprisinglr  great  spaces  in  nnifora)  din>eti\vu»^ 
The  Coidillera,  with  its  pinnacles  here  and  there  rising 
upwards  of  20,000  feet  above  the  level  o(  the  t»e^ 
ranges  in  an  nnbroken  line  from  Tierra  del  F\iegt\ 
apparently  to  the  Arctic  circle.  This  grand  range  hu« 
suffered  both  the  most  violent  dislocations,  and  slow, 
though  grand,  upward,  and  downward  movements  in 
mass :  1  know  not  whetlier  the  spectacle  of  its  immeuaa 
valleys,  with  mountain-masses  of  once-liquefied  and 
intrusive  rocks  now  bared  and  intersected,  or  whether 
the  view  of  those  plains,  composed  of  shingle  and  sedi- 
ment hence  derived,  which  stretch  to  the  borders  of  the 
Atlantic  Ocean,  is  best  adapted  to  excite  oar  astonish* 
ment  at  the  amount  of  wear  and  tear  which  tliOKO 
mountains  have  undergone. 

The  Cordillera  from  Tierra  del  Fuego  to  Mexico,  is 
penetrated  by  volcanic  orifices,  and  those  now  in  action 
are  connected  in  great  trains.  The  intimate  relation 
between  their  recent  eruptions  and  the  slow  elovation 
of  the  continent  in  moss,^  appesrs  to  me  highly  irn|K)r- 
tant,  for  no  explanation  of  the  one  phenomenon  can  be 
considered  as  satisfactory  which  is  not  applicable  to 
the  other.  The  permanence  of  the  volcanic  ttctii>n  on 
this  chain  of  mountains  is,  also,  a  striking  fact ;  (irMi, 
we  have  the  deluges  of  submarine  lavoM  alteriuiiirig 
with  the  porphyritic  conglomerate  strata,  then  occo* 

*  On  the  connefHlon  of  certain  VoU'MttUi  t^t^ntjumfm  iu  ^^w  h 
America*    '  Ge  U^.  'i  rdSitiu;i./  voL  ¥  y,  tAfJ. 
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APPENDIX  TO  PAET  IL 


DESCRIPTIONS  OF  TERTIARY  FOSSIL  SHELLS 
FROM  SOUTH  AMERICA. 

Bt  G.  B.  SOWKRBY,  Esq.,  F.L.S.,  &o. 


Maoiba.  ?  BVeATA. — PI.  II.  fig.  8. 

Mactra  f  testd  chUmgd^  tenui,  turgidd^  latere  antico  altt'ore,  rottm» 
dato,  poetico  longiore,  acutninato ;  lineis  incrementi  rugae  coiV' 
centricas  effarmantibue. 

The  shell  itself  is  changed  into  Gypsunu 
Santa  Cruz,  Patagonia. 

Maotba  Daswikii. — PI.  II«  fiff.  9. 


Mactra  testd  occii,  euhteqiUlaterali,  eubventricosd,  tenidueculdy  kevi, 
concentric^  striatdy  antid  rotundatdj  poetick  obsolttissitni  «u6- 
quadratd. 

It  is  impossible  to  get  at  the  hinge,  wherefore  it  cannot  be 
ascertained  positively  to  be  a  Mactra. 

Santa  Cruz,  Patagonia. 

Cbabsatella  Ltelui.— PL  IL  fig.  10. 

CraeeateUa  tettd  oblongd,  planivsculd,  tentidnscufd,  pnetici  angulatd, 
margine  postico  dorscUi  declivi,  euperficie  eulde  cbtugie,  rematis, 
UmgitudinaUbue  omatd. 

This  species  most  nearly  resembles  CraesateUo  iamelloea   of 
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Lam. ;  it  is,  however,  destitute  of  the  erect  Luoelln  which  oroa- 
ment  the  surface  of  that  species. 

Santa  Cruz,  Patagonia. 

COBBIB?   L.SVIGATA.— PI.  II.  fig.  11. 

CVr6t9  te^Ul  ovato-rotundatd,  ventricosd,  laviffatd,  margine  intiks 
UBvi:  long,  3-2 ;  lat.  2'  j  alt.  2'7,poU, 

It  is  not  without  some  hesitation  that  I  have  pLiced  this  in  ths 
^nus  Corbia,  although  it  is  of  the  same  general  form  as  most  of  the 
known  species  of  that  genus.  It  is  quite  free  from  external  rugosity 
or  kmeUsB.  There  are  two  specimens,  hoth  of  them  so  imperfect 
that  it  is  impossible  to  ascertain  with  certunty  the  character  of 
the  hinge  and  muscular  impressions. 

Navidadf  Chile. 

TsLLnriDEsP  oblonsa.— PL  II.  fig.  12. 

Tellinidesf  tesM  obhmgd,  tuht^uUateraH,  arUenus  aUiors^  po^ 
teriuB  acuminatiorey  utrdque  rotundatd :  disco  glabrOf  lineis 
mcrementi  solummodo  Btgnato :  long.  1*3;  alt,  0'7,  poll. 

This  shell  is  very  thin,  and  being  embedded  in  a  hard  compact 
stone,  all  attempts  to  get  at  the  hinge  have  proved  abortive :  it  is 
therefore  placed  in  Tellimdes  as  the  genus  to  which  it  approaches 
most  nearly  in  external  characters.  M.  d^Orbigny  considers  it  a 
Solenella. 

Ghiloe,  eastern  coast. 

VeNVB  MEBIDIOITALIS. — ^Pl.  11.  fig.  13. 

VenuB  ieatd  oro/t,  pknuhconvexd,  concentric^  ririatd,  tttriis  acutia, 
diitantibuBi  stilhelevatii,  int^ntitiis  radiatim  obsolete  9triatis  ; 
margine  minutiesinU  erenulaio. 

This  so  closely  resembles  V,  exalhidny  Lam.  in  shape,  as  not  to 
be  distinguishable,  except  by  the  radiating  stria  and  the  finely 
crenulated  margin. 

Santa  CniB,  Patagonia ;  and  Kavidad,  Chile.* 

CtTHEBBA  8ULCUL0SA. — ^Pl.  IL  fig.  14. 

C^kerea  teetd  tubovatdf  ant  id  rotundatiore^poetick  longiare,  acumi-' 
natiuaculd,  obtued;  eulcie  concentricie,   confertituculie,  medio 

'  Wherever  a  fossil  has  been  found  at  two  localities,  the  name 
first  given  implies  that  the  beet  specimens  came  from  that  place. 
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obtusfSf  antic^  posiic^que  acutioribus  omaid:  long.  1';  aU,  0*7; 
lot,  0-4,  poU. 

I  have  compared  ihe  single  valve  of  this  with  nutDerous  recent 
and  fot»il  VenereB  and  Cythere€Bf  without  being  able  to  identify  it 
with  an^.  A&  I  have  not  been  able  to  see  the  hinge,  I  have  only 
judged  It  to  be  a  Cytherea  from  analogy. 

Chiloe,  eastern  coast :  islands  of  Hoafo  and  Ypun  P 

CaBBITJH  PFELCnFM. — PI.  II.  fig.  16. 

Cardium  testd  iubglobosd,  tenvi,  latiusculdf  latere  postico  avhcari^ 
natOf  Auperficie  strUs  radiantibut,  numet'oeissimiSf  cof^ertissimis 
trutructd. 

The  radiating  strisB  and  the  interstices  are  nearly  equal.  Nearly 
the  whole  outer  surface  is  gone  from  both  specimens. 

Santa  Ciuz,  Patagonia. 

CaBDIVX  llULTIBADIATUli. — PL  11.  fig.  16. 

Cardium  testd  mbglobosd,  cosfrflis  radiantibiupogticis  1 3,  rotundatta, 
mediams  plurinuM  planulatis,  interstUiia  rotvndatU ;  margine 
denticuiato. 

These  are  all  the  characters  that  can  be  given,  as  there  is  onlv 
the  posterior  portion  of  one  valve ;  of  course  the  general  form  is 
only  surmised,  and  the  pro|K)rtioiis  cannot  be  ascertained. 

Navidad,  Chile. 

Gardita  Patagoihca. — PI.  n.  fig.  17. 

Cardita  te9tdsubtrape»form-'rotundd;tvmiddt  subcordi/ormifSubohm 
liqtid,  costts  rculiantibta  24,  angustis,  angiUatiSf  equamoeoserro' 
tis,  mterstitiis  latioribua. 

Nearly  related  to  C.  acuticostata,  and  may  be  distinguished  by 
having  fewer  and  nK>re  distant  ribs. 

Santa  Cruz,  Patagonia. 

NtrCITLAP   GLADBA.— PI.  11.  fig.  18. 

Nuada  testd  ovato-Mongd,  glabrd,  nitidd,  latere  antico  brevioref 
poetioo  tnagia  acwninato ;  marginibwi  dorealibus  decUvts, 

I  have  referred  this  to  Nucuia^  because  there  is  no  external  ful- 
crum for  the  attachment  of  the  cartilage  and  ligament ;  the  nature 
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of  tiie  ttone  in  whkli  it  is  imbedded  lus  rendered  it  imponilAe  to 
expose  any  part  of  tlie  inade. 

Santa  Ctqz,  Palagonia, 

KccuiA  OBVATi. — ^PL  n.  fig.  19. 

Nuada  tettd  ^^otiux  truncatd  emarginatdj  tnperfide  ImeU  elevatiM 
undatu  cathcerUriciB  cfkatd. 

A  besatifnl  mgecies  wbidi  apparent!/  reeemUes  N,  Tkrmeut- 
fcrrnit  in  general  shape,  but  inaamuch  as  a  fragment  alone  has  been 
found,  we  cannot  give  a  more  complete  character. 

Port  Besirs,  Patagonia. 

TSIGOVOCEUA  IVflOElTA.— PL  IL  figs.  20,  2L 

Trtganocdia  teUd  whovaUj  crtunuseuld,  vfddh  obUqud,  lam:  tared 
UgamauU  triffcnd,  kUeribus  elemUis;  denlibus  paudSf  u^agnU. 


This  species  is  more  unlike  the  typical  form  of  PechmadmM 
than  any  which  has  come  under  my  obsenrationy  being  even  mors 
oblique  than  the  P.  obiiquus  of  De  France,  from  which  it  difien 
moreoTer  in  bdng  smooth  on  the  ontnde,  and  destitute  of  radia- 
ting ridges. 

Sinta  Cruz,  Patagonia. 

CUCUU^JEA  ALTA.— PL  IL  figs.  22,  23. 

OucuBaa  teftdovato-trapnifamu,  wbotiiqud,  guhruposd,  umhombui 
di$fantibu»,  ared  ligamenti  profundi  suioaid,  impressionis  mua- 
cularis  pottica  margine  ventrali  eUvatd, 

There  is  a  considerable  primd  fade  resemblance  between  this 
species  and  CuculttBo  decuuata,  <  Min.  Con.*  This  from  S.  Crux 
may,  however,  be  easily  distiDguished  from  the  British,  by  its 
greater  height,  its  more  oblique  form,  and  by  the  greater  number 
of  impressed  lines  on  the  ligamental  area. 

Santa  Cruz  and  Port  Desire,  Patagonia. 

AVOIIIA  ALTSBHAVS.— PL  IL  fig.  25. 

Anomia  teitd  tuborbicu!m%  cottellii  radiant&ui  plurmu,  iubtqiuh 
miferis,  aUemis  minordnu. 

There  is  only  a  single  valve  of  this  species. 
Coquimbo,  Chile. 
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Terebratula  Patauonica.— pi.  II.  figs.  20,  27. 

TtrAratvla  tutd  ovali,  lavi^  valvis  ferh  €Bqualiter  convexis,  doraali 
jfroduotd,  mcurvd,  foramine  matjno^  ad  marginem  vaivarum/eri 
pnraUelo  ;  deltidtis,  mediocribus :  ared  cardinali  ooncatdf  I  ionffi' 
tudmu  testa ;  margint  antico  integro. 

Slightly  different  from  the  T,  variabilis  of  the  British  Cmg, 
(vide  *  Min.  Con.'  t.  676,  (T.  2  to  6)  to  which  howeTer  it  is  very 
nearly  related,  as  it  is  also  to  the  T,  bisinuata,  Lam.,  of  the 
Paris  basin.  It  may  be  distinguished  from  both  by  its  having  no 
sinus  in  the  anterior  margin. 

San  Josef  and  San  Julian,  Patagonia. 


Fectes  e£MiNATT7S.— pi.  II.  ^g.  24. 

Pccten  testd  aquivalvif  ovatd,  auriculia  inaqualibus,  costis  radianti- 
bus  equamuliferis  22,  geminatis  ;  interstitiis  altemis  iatioribuSf' 
nomiunquam  oastd  minore  instructd:  auricuid  atterd  niagnd 
radiatim  costcUd, 

In  general  form  this  species  resembles  Pecten  textmius  (Schlot.) 
Goldf.  Tab.  XO.  f.  9,  but  it  has  very  few  more  than  half  the  num- 
ber of  ribs,  which  in  the  present  species  are  disposed  in  pairs.  The 
P.  textoritu,  moreover,  belongs  to  the  Lias  and  inferior  Oolite,  ac- 
cording to  Goldfuss. 

San  Julian,  Patagonia. 


pBCiBir  Darwihiahfs.— D'Orbig.  'Voyage,  Part.  Pal.* 

(PI.  III.  figs.  28,  29,  of  this  work.) 

Pecten  testd  feri  orbicularis  iubaquivalvif  tenui,  utrinque  convM'iue' 
culd;  extus  Itevij  intiis  costis  radiantibus,  per  paria  diejxfsitif, 
propi  centrum  mtVitM  conspicuis;  auriculis  parois. 

Like  Pect»  PlettronecteSf  P.  Jnponicus^  and  P.  obliteratus  in 
general  characters,  but  easily  distinguished  from  all  three  by  the 
circumstance  of  its  internal  radiating  ribs  beins'  disposed  in  pairs. 
This  species  has  been  named  and  described  by  M.  d'OrblRny,  hut  as 
his  description  is  very  brief,  owing  to  the  condition  of  his  speci- 
mens, ana  is  unaccompanied  by  any  figure,  I  have  thought  it 
advisable  to  append  the  above  specific  character. 

San  Josef,  Patagonia ;  and  St.  F^,  Entre  Rios. 
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P£CTBN  Pa&an£Ksis. — D'Orbig.  *  Voyage,  Part.  Pal.*  (PL  III. 

fig.  30  of  this  work.) 

This  species  has  been  figured  and  fully  described  by  M.  d'Or- 
bigny,  and  has  been  accidentally  refigured  here. 

San  Josef,  San  Julian,  Po.t  Desire,  Patagonia ;  and  St.  F^, 
Entre  Rios. 


pEGT£ir  CEKTSALIS.— PL  III.  fig.  31. 

Pecten  testd  subcircularif  depressdf  radiis  qmnque  iquamuli/eria  cen- 
trali  eminentiore,lineig  radianttbua  agperis  nwnerosisqne  omatd; 
auriculvt  mngrds^  stibaqtialibus  f 

A  single  fragment  of  this  remarkable  species  was  found  at 
Port  S.  Julian :  two  others  were  brought  from  Port  Desire.  These 
fragments  are  all  of  the  same  side,  so  that  we  are  as  yet  but  very 
imperfectly  acquainted  with  the  species. 

San  Julian,  Port  Desire,  Santa  Ciuz,  Patagonia. 


PeCTEN  ACIINCiDES. — ^Pl.  III.  fig.  33. 

Pecten  testd  auborbicuiari,  convexituculd,  tentu,  valvis  audaqualibus, 
radii*  principalibus  tubdevatis  circa  36,  intermedOs  3-7 
mmoribuSf  omnibus  squamuliferis ;  auriculis  incsqualUms, 
radiatim  squamuliferis,  aUerd  maynd,  porrectd,  aUerdparcdy 
declivi. 

Remarkable  for  its  principal  ribs  being  numerous  and  only 
slightly  elevated,  find  for  its  intermediate  ribs  being  very  nu- 
merous. 

San  Josef,  Patagonia. 


Peciek  budis.— pi.  IIL  fig.  32. 

Pecten  testd  suborbictUari,  subinaquivalci,  crassiuseuld,  rudi,  eostis 
radiantibus  22,  rotundatis,  intersiitiis  angustwribus :  intermediis 
nonnunquam  ferk  obsoletis;  marline  validi  undulaio. 

The  specimen  is  only  a  fragment ;  another  fragment  aooompanies 
it,  which  may  possibly  be  the  opposite  valve. 

Coquimbo,  Chiloe. 
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ObEPIDTJIA  GRE6ABEA. — ^Pl.  III.  fig.  34. 

Crepidfda  testd  oblongd,  intortd,  crassd,  siibruffosd;  aepto  dongato^ 
tubspirali,  lavi;  vertice  submarginali. 

This  species  is  remarkable  for  its  lengthened  form :  it  is  found 
grouped  together  in  an  argillaceous  sandstone  of  a  grayish  colour. 
It  bears  a  strong  general  resemblance  to  CrepidiUa  fomicata^ 
which  is  found,  similarly  grouped,  on  the  coast  of  New  York, 
New  England,  and  genenuly  on  the  Atlantic  coasts  of  North 
America. 

Santa  Cruz,  Patagonia. 

Bulla  cosmophila. — ^Pl.  TIL  fig.  35» 

BuUa  tettd  tvbcylindraced ;  extremitat&tts  obtusis,  rottmdatis, 
anticd  patdulum  latinre;  striis  numerd^is,  oonfertis,  trans' 
versis,  interstitiis  anffuaiioribus  pfaniiMCulis :  long,0'9'f  lat,  0*4. 

I  do  not  find  any  character  to  distinguish  this  from  the  fossil 
which  abounds  in  the  neighbourhood  of  Bordeaux,  and  which  is 
also  found  near  Paris  and  in  Normandy,  and  which  Beshayes  has 
regarded  as  merely  a  variety  of  Bulla  lignaria^  Auct,  from  which 
however  it  may  easily  be  distinguished  by  its  much  more  cylindri^ 
calform. 

Huafo  Island,  Chile. 

SieABETTJS  SVBGLOBOSFB. — ^Pl.  III.  figS.  36,  S7. 

Bigaretiu  testd  suhglobosd,  anfractibus  quatuor^  gpiraltter  concinni 
nUcatiB  :  long.  0*9 ;  lat.  0*8 ;  alt  0  65,  poll. 

The  spiral  grooves  and  intermediate  ridges  are  very  nearly 
equal  in  general,  though  sometimes  rather  irregular.  This  is  the 
most  concave  species  oi  Adanson's  Sigareiua  that  I  have  ever  seen, 
the  position  of  its  aperture  being  much  less  inclined  to  the  longi* 
tudinal  axis  than  it  is  even  in  the  S.  conoavus,  Lam.,  a  recent 
Bpedes  common  at  Valparaiso. 

Navidad,  Chile ;  and  Ypun  Island,  Chonoa  Archipelago. 

Naxioa  pumila. — ^PL  IIL  fig.  38. 

Kaitea  testd  ovatosiAglobosd,  glabrd,  ar^firactUnu  quatuor,  umHlico 
magnOf  patulo. 

A  single  individual  of  this  small  species,  which  appears  as  far 
ts  I  can  judge  to  be  distinct  from  any  of  the  recent  species,  occurs 
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in  the  same  sort  of  rock,  namely,  a  very  hard  and  very  dark  olive 
green  sandstone,  with  the  following  species.  The  difficulty  of 
detaching  the  stone  from  the  shells  has  prevented  me  from  ascer- 
taining with  certainty  whether  or  not  there  be  an  umbilical 
callus. 

Chiloe,  eastern  coast. 


Natioa  btbiolata.— PL  m.  fig.  89. 

Natica  testd  depremusculo-eubfflobosd,  cramuacuidy  glabrd,  anfrao' 
tiinis  quattior  ad  quinqtie,  ultimo  maxvmo,  spiraliter  aubstriatOf 
atriis  subdigtanttbus ;  callo  umbilicali  magno,  umbilicum  om- 
mTib  obtegentCf  ad  labium  internum  incrasscUum  antid  con- 
jundo. 

This  species  resembles  Swainson's  Natica  melastoma  in  general 
form,  as  well  as  in  the  umbilical  callus :  it  is  however  rather  more 
circular  and  the  umbilical  callus  is  rounder.  Judging  from  the 
apparent  general  form,  I  at  tirst  sight,  when  I  only  saw  the  upper 
surface,  had  taken  it  for  Sigaretus  concavug,  which  it  also  resembles  ; 
and  I  was  not  undeceived  until  by  clearing  away  the  stone  I  dis- 
covered the  umbilical  callus.  There  are  two  specimens  of  this 
species. 

Ohiloe,  eastern  coast. 


Natica  souda. — Tl,  IIT.  figs.  40, 41. 

Kattca  testd  mbgloboadj  craasd,  IcBviy  gpird  brevi,  an/ract&ua  qmn" 
quey  suturd  aubinconspicud,  ajiet'turd  ovali,  labia  columellan 
poatid  craaaiaaimo,  umbilico  mediocri,  callo  parvo :  long.  1*8 ;  lat, 
l'6,poa. 

This  most  nearly  resembles  a  very  common  recent  species, 
which  has  generally  been  confounded  with  N.  mamilla,  but  which 
1  have  lately  received  from  D'Orbigny  under  the  name  of  N,  Tiber 
of  Valenciennes,  it  may  be  distinguished  from  th%t  species  by  being 
almost  destitute  of  the  umbilical  callosity.  The  only  specimen  is 
very  much  worn,  particularly  about  the  spire,  so  that  the  true 
character  of  the  suture  is  only  discernible  in  one  part,  and  the 
general  appearance  of  the  specimens  conveys  the  deceptive  notion, 
of  a  deep  and  broad  channelled  suture. 

Several  specimens  of  a  Natica,  closely  resembling,  but  possibly 
distinct  from  this  species,  were  procured  at  Santa  Cruz ;  tney  are 
in  a  much  disguised  state,  and  only  a  small  }K)rtion  of  the  shell 
itself  remains,  particularly  of  the  outer  coats  about  the  suture, 
which  consequently  appears  very  deep  and  distinct,  whereas  when 
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well  preserved  the  suture  is  scarcely  distmd^uishable ;  M.  d'Orbigny 
considers  the  S.  Oruz  species  are  certnioliy  distinct. 

Navidad,  Ohile ;  Santa  Cruz,  Ptfta^onia  P 

SCALABIA  RUGULOSA. — ^Pl.  III.  figS.  42,  43. 

Scalaria  testd€icuminat<hpyranudali,  crassivsculdjomnino  ruffulosd, 
varicibus  numerosis,  crassis,  rotundatU ;  inUrstitm  spiraHter 
obwUtk  siUcatis. 

• 

VolutioDS  about  eleven  or  twelve,  increasing  very  gradually 
in  size ;  with  fourteen  or  fifteen  rounded  and  thickish  varioos  on 
each. 

San  Julian,  Patagonia. 


TEOrHUS  00LLABI8.— Pi.  III.  figs.  4A,  45. 

Trochus  testd  oonicd,  torn,  artfraetihus  aubaqualibuSy  teninatmk 
transoersim  striatUn  postid  propi  nUuras  tubercuiis  minutis 
seriatim  cinctis,  infra  mibconvexis,  spiralit-er  tenuiter  striatis  ; 
opertura  angulo  extemo  acuto  :  loriff.  0*45 ;  lat,  0*55,  poll, 

A  very  small  portion  of  the  outer  surface  remains,  the  inner 
coat  is  wholly  covered  with  a  yellowish  green  and  reddish  irides- 
cence. Umbilicus  as  far  as  I  can  judge  the  same  as  in  the  following 
species,  Tn.  UBvi»,  This  mav  possibly  be  only  a  young  shell  of  that 
species,  (and  is  so  oonsiderea  by  M.  d'Orbigny)  as  it  is  only  distin- 
guished by  a  row  of  very  smsU  tubercles  placed  immediately  under 
the  suture,  which  may  have  existed  in  that  species  when  young ; 
and  it  must  be  observed  that  the  first  volutions  are  broken  from 
both  the  specimens  of  7>.  lavis. 

Navidad,  Chile,  Santa  Cruz,  Patagonia, 


Troohub  l£vib. — ^Pl.  III.  figs.  46,  47. 

TrochMU  testd  corned,  kevi,  anfractHms  subaquaKbus,  pontic^  turgi- 
diusciUiSf  antick  tenuiuim^  trangvernm  Btriatis,  infra  mbcon- 
cavis,  apiraliter  tenuiter  striatis  ;  aperturd  rhottibdided,  angulo 
extemo  acuto ;  umbilioo  mediocri,  int^  kevistimOf  labio  interna 
wbincrastato :  long.  1'3;  lat,  2',  poll. 

The  remains  of  the  pearly  inner  coats  are  beautifully  iridescent 
in  this  species ;  the  outer  surface  is  dull. 

Nafidad,  GhUe. 


6 14  Appendix  to  Part  IL 


TURRITBLLA  PaTAGONIOA. — ^Pl.  III.  ^'^^  48. 

Turritella  testd  ehngato-^iontcd,  anfractibtu  decern,  S  ad  ^  costatis^ 
costtSj  intermedid  anticdque  nidobsoletd  minoribuSf  poaticd  ndn 
ctcutdf  tybgranosd  mnjori^  tertid  carinam  efformante;  suturd 
indistinctd. 

This  TurrUeUa  is  probably  only  a  variety  of  T.  cinguiata,  and 
it  more  closely  resembles  this  species,  even  than  the  following 
ones,  inasmuch  as  its  volutions  increase  in  size  more  rapidly  than 
in  either  the  T.  Chilensis  or  T,  ambulacrum.  In  some  respects 
this  resembles  T.  carinifera  of  Deshayes;  it  is  not  however  nearly 
so  long  in  proportion  to  its  width.  I  have  adopted  a  name  sug* 
gested  by  D'Orbigny. 

Port  Desire,  Patagonia ;  and  fragments  at  Navidad,  Chile. 


Tdbbitella  ambttlilOBxtk. — PI.  in.  fig.  49. 

Ttwritella  testd  elongat(hturrildf  anfractibtu  decern,  tpiraUter  tri- 
co8tatt8f  posteriorum  castis  (BqunlthuM,  anteriorum  costd  ant  ted 
poettcdqtte  majortbuB,  intermedid  minori;  tuturd  in  ndcumpro^ 
fundum  posit  a, 

A  very  remarkable  species,  which  somewhat  resembles  a  re- 
cent one  in  my  possesion ;  the  two  may  however  be  easily  distin- 
guished. In  the  recent  species  the  two  spiral  ridges  are  much 
nearer  to  each  other  than  they  are  in  the  fossil ;  and  the  spiral 
groove  at  the  suture  is  much  deeper  and  narrower  in  the  fosadl 
than  in  the  recent. 

Santa  Cruz  and  San  Julian,  Patagonia. 


Tfkritella  CHiLsvaiB. — ^Pl.  IV.  fig.  61. 

Turrttdia  testd  ehngato-turrUdy  anfractibtu  decern,  ventrteostSf 
spiraliter  tricostatis,  costis granulosis,  intermedid  majorijsuturd 
in  sulcum  posit  d. 

Nearly  related  to  Turritella  cingulata  (Sowb.  'Tank.  Cat.*) ;  it 
if9  even  questiouable  whether  it  might  not  be  regarded  as  a  variety 
of  that  species,  along  with  T.  Paiagonica  and  7*.  ambulacrum. 
In  deference  to  the  opinion  of  D'Orbigny,  who  has  suggested  the 
name,  I  have  been  induced  to  describe  it.  The  principal  ditfer- 
ence  between  this  and  T.  cingulata  are,  the  form  of  the  volutions, 
which  in  tins  are  ventricose ;  the  absence  of  narrow  intermediate 
ridges ;  and  the  greater  depth  of  tbe  groove  in  which  the  suture 
)s  placed.  From  T.  ambulacrum  it  differs  principally  ih  tlie  cir- 
cumstances of  the  central  rib  being  the  most  prominent,  while  iD 


Appendix  to  Part  IL  €15 

7*.  ambulacrum  it  is  the  least  prominent.  The  ribs  in  the  latter 
species  are  but  slightly  granose,  and  the  groove  at  the  suture  is 
deeper. 

Huafo  and  Mocha  Islands,  coast  of  Chile. 


TlTBHITELIA  BUTITBALIS. — PI.  IIL  fig.  60. 

Turritella  testd  tvrritd,  tenuiter  traruversim  striatdf  ctr{/raettbw 
9-10,  suturd  validd  diviaiSf  anticipostickque  tumidiuaculiSfposticd 
eminentiore. 

Fragments  alone  can  be  separated  from  the  hard  stone  in  which 
they  are  imbedded ;  it  has  therefore  been  impossible  to  give  the 
proportions. 

Nayidad,  Chile ;  and  Ypun  Island,  Chonos  Archipelagou 


Pleubotoxa  bvbjbqvalib. — ^Pl.  IV.  ^g.  52. 

Pleurotoma  testd  oblonffd,  turritd,  utrdque  extremitate  acuminatdj 
untied  breviori;  anfractibua  ssnu,  medio  carin\feria,  carinJd 
tuberculiferd  ;  ultimo  anfractu  cannig  quinque,  postieali  tuber- 
euliferd:  kmg,  0  6;  lat,  026. 

The  speci*^  which  most  nearly  resembles  this  is  an  undescribed 
recent  species  from  S.  America :  this  fossil  species  differs  however 
from  the  recent  one  in  the  position  of  the  notch  in  the  outer  lip, 
which  in  the  fossil  corresponds  with  the  posterior  tuberculiferous 
carina,  while  in  the  recent  one  the  notch  is  placed  halfway  between 
the  posterior  tuberculiferous  carina  and  the  suture.  There  are 
other  marks  of  dilf'erence,  but  this  may  be  considered  sufficient,  as 
forming  at  once  a  distinct  criterion. 

Huafo  Island,  coast  of  Chile. 


Plbvbotoma  TUBBiNmiLOiDES.— pi.  IV.  fig.  53. 

JPleurotoma  testd  (Mongd,  subventrieosd,  transversim  tenuissim^ 
muricato-striatd,  anfractibus  quime^  ventricosiSf  infra  mediam 
tuberculatiSf  tuberculis  ncuminatis,  ultimo  aniio^  lineis  quatuor 
vel  quinque  obsolete  tuberculatis ;  canalibrevi:  Umg,  1*35;  laU 
0'S2,  poU. 

Very  different  from  any  other  known  Pleurotoma,  either  recent 
or  fossil ;  but  most  nearly  allied,  in  Bhape  particularlyi  to  the  recent 
species  named  PL  imptrudie  by  Lamarck, 

Navidad,  Chile. 
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Plevbotoma  discobs. — ^PL  IV.  fig.  64. 

Pleuf'otoma  testd  fimformi-twrritdf  tpird  acuminatd,  anfraciihui 
octOf  postich  tenumiink  transversim  striatis,  medio  tuherculntU, 
ultimo  antici  striis  crams  subtuberculatts  instructo;  canali 
elongate),  tenuiter  transversim  strtato;  columelld  rectd:  Iwig. 
1-8;  lot.  0'Q2,  pon, 

A  species  which  appears  to  he  nearly  related  to  PL  catenata^ 
Lam.  Desh.  IJ.  t.  62,  f.  11,  12,  13  (a  fossil  of  the  Paris  Basin), 
and  which  may  perhaps  he  merely  a  variety  of  that  species.  In 
stature  and  general  characters  it  resemhles  it  very  closely  \  its  stri» 
are  however  very  different. 


FUSUB  SEOULABIB? — Vl.  IV.  fig.  65. 

A  single  very  imperfect  specimen  which  may  prohahly  he  a 
variety  of  this  species.  It  is  not  sufficiently  complete  to  cdlow  of 
its  heing  decided,  or  of  its  characters  being  given.  It  is  not  even 
certain  that  it  belongs  to  the  genus.  M.  aOrbigny  considers  it  as 
a  distinct  species. 

Navidad,  Chile. 


FlTBirS  PTRULTPOEMIS. — ^Pl.  IV.  fig.  56. 

JWiM  testd  turhinatd,  antid  apiraUter  stUcatd,  spird  subd^presso^ 
contcdf  rudi;  an/ractibus  .V4,  medio  tuberculatis,  fuberctUis 
transvergim  sulcafiSf  in  costcu  subdecurrentibuB  ;  carudi  elongato, 
transversim  sulcato. 

This  somewhat  resembles  the  Triton  davator^  Lam.  (a  recent 
species),  in  form*,  its  spire  is  however  more  elevated,  and  its 
canal  shorter  in  proportion,  I  judge  it  to  he  a  Fusus  from  the 
general  external  appearance,  but  cannot  be  quite  certain,  for  the 
stone  about  the  mouth  is  so  much  induratea  that  it  cannot  be 
cleared  away. 

Navidad,  Chiles 


FUSUS  SXTBKBFLBXns.— PI.  IV.  ^%.  67. 

Fums  teatd  fusiformi'turritdj  transversim  striatd,  striis  irregur 
laribuSf  an/ractibus  nanem,  medio  tubercuiatiSf  prope  nUuras 
subadpressis  s  canali  medioeri  svbre^xo:  long.  2*1,  lot,  1% 
polL 
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The  shell  to  which  this  bears  the  greatest  resemblance  is  a  fossil 
named  Fctsciolarta  Burdigalensis,  Defr.  by  De  Bastoret  in  the 
'  M^moires  de  la  Soc.  d'Hiat.  Nat.  de  Paris ; '  in  our  shell  there  is, 
however,  no  appearance  of  oblique  folds  on  the  anterior  part  of  the 
columella,  consequently  it  is  generically  distinct;  while  in  other 
respects  it  is  sufHciently  ditferent,  as  may  be  seen  by  comparison. 
Its  spire  is  longer  in  proportion  to  the  last  volution,  and  its  canal 
shorter. 

Navidad,  Chile. 

FusiTB  NoACHiNus. — ^Pl.  IV.  figs.  58,  69. 

Fu8U8  testd  ovato-fusiformi,  vtrdque  Bubacumin/itdf  isqualij  an^ 
Jractibus  quinque  spiraliter  sulcatis,  stdcis  plerumque  seriatim 
pertusisf  pogttcis  longitudinaliter  obtusk  costatis ;   cantdi  me- 
diocrif  stibascenilente ;  suturd  distinctd, 

A  species  which  bears  some  resemblance  to  Fu8U8  Nots^  Lam. ; 
Btill  it  18  not  nearly  related  to  that  species.  In  shape  it  resembles 
F.  lamelhnts,  to  w'hidi  it  is  really  related,  but  it  is  quite  destitute 
of  tbe  lamellar  varices,  so  that  it  may  easily  be  distinguished. 

San  Julian,  Patagonia. 


Ftjbub  Pataqokious. — ^Pl.  IV.  fig.  60. 

Fti»u8  testd  ovat(M>bl(mgdy  tenuiusctdd,  muUifarihm  varicosd,  an* 
fractibus  posited  angulatis;   varicibtu  lamelliformihuSy  atUicd 
d'-fiexis,  postich  acuminatis^  interstitiie  transuernm  sulcatis; 
aperturd  subcirculari,  canali  breviuscitlOj  unUnlico  valido. 

Nearly  related  to  Fusus  lamellosus  and  F,  MageUanicuSf  and 
apparently  connecting  the  two. 


Ptbula  bistanb.— PL  IV.  fig.  61. 

■ 

Pyrula  testd Jiciformif  tenuiusculd,  spird  hreuissimd  obtusd,  anfrao 
tibtts  quatuorf  ultimo  mnximo^  decussatim  ttriatOf  et  carinafo, 
cttrinis  11-12,  distantibus,  nonnullis  interstitiaUbus  minxis 
eUvalis:  long,  1*8;  lat.  l%polL 

A  very  elegant  species  of  true  Pgrula,  somewhat  resembling 
P.  nexilis  (a  tertiary  fossil)  in  general  appearance,  but  differing 
from  that  species  in  its  proportions,  being  much  wider  in  coin« 
parison  with  its  length,  and  having  a  much  shorter  spire. 

Navidad,  Chile. 
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Stetjthiolabia  osiirATA. — ^Pl.  IV.  fig.  63. 

Strvthiolaria  testd  ovatd,  apice  acumtnato,  anfractHnu  «mWy 
spiraliter  striatis,  prope  mtttram  cunalicuintis,  Ivngitudtnaliter 
costatis,  costis  obttisis,  antico  coatis  duahus  apiralibuSf  eUvatiSj 
an*h  mediam  pasilia;  sutwd  profunda:  long,  0*7;  lot.  0'4d^ 
poV. 

This  is  the  only  fossil  species  of  this  rare  genus  I  have  ever 
seen.  Casts  of  a  large  variety  are  found  in  a  loose  clayey  sand- 
stone at  Port  San  Julian.  M.  d'Orbigny  entertains  some  doubt 
about  this  being  a  Struthiolaria. 

Santa  Cruz  and  San  Julian,  Patagonia. 


TbTTON  VBBBT7CUL0STJ8. — ^Pl.  IV.  ^^,  63. 

TnUm  testd  ovato-'Conicdf  transversim  tenuiter  strieUd,  anjractthu 

seniSj  posticis  serie  umcd  mediand  tubercuiorum  cmctts,  ultimo 

ooatis  tribuB  subobBoletis  ttihercvdiferia,  tuberculis  cosfa  pogticm 

mfijoributt,  reliqutarum  obsoletis ;  varicibus  validis^  trituberculi^ 

fens:  long,  1*6;  lat,  VOb^polL 

This  may  be  distinguished  from  Triton  leunostoma  {Ranella 
leucostoma,  Lam.),  to  which  recent  species  it  is  most  nearly 
related,  by  the  paucity  of  tubercles  forming  the  posterior  row,  as 
well  Hs  by  the  strongly  tuberculated  varices,  and  by  its  being 
destitute  of  the  pits  which  are  so  distinct  behind  the  varices  in  that 
species. 

Kavidadf  Chile. 


Tritoit  lextgostokoibes.— -PL  IV.  fig.  64 

Triton  testd  ovtUo-oblongd,  spird  obtusd:  <mfr€tctibnjs  senis,  sub- 
ventricosis  spiraliter  sulcatisy  et  lotigiludmaliter  costatis;  vari^ 
cibus  sidh4rregularibtiSf  roiundatisj  trnnsoersim  sulcatis. 

This  species  resembles  Triton  leucostoma  (jRftndla  leucostoma, 
Lam.)  more  nearly  than  any  other  species :  it  differs,  however,  in 
the  following  particulars,  viz.,  in  its  general  form,  which  is  more 
oblong;  in  its  longitudinal  ribs,  which  are  smaller  and  more 
numerous,  and  extend  nearly  the  whole  length  of  each  volution ; 
whereas  in  T.  leucostoma,  they  are  little  more  than  elongated 
tubercles  near  the  middle  of  the  whorU. 

Huafo  Island,  coast  of  Chile. 
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Cassis  xothiucb. — ^PL  IV.  fig.  65. 

Cam*  Uttd  nibglobosa,  ironmenhn  iemtiter  gtriatd,  9pirS  deva» 
iintritldy  OMfraiiibuM  sentM,  tdtimo  ffMoto^  terie  unicd  tuber'* 
cuiontm  potfiet  inttruHo;  labio  erttmo  temmuailOf  refUxo^ 
tMttufUtci:  labio  eoiwHellari  expanto,  Utei:  Umg.  1*6;  lot,  1*1 , 

poll, 

A  second  row  of  tomll  tubercles  may  be  olHenred  oeeamonallj. 
I  know  of  no  species  to  which  this  is  nearij  relmted. 

XsTidsd,  Chile. 


MOQTOCEBOS  AJmSTTB^— PL  IV.  ilgs.  66,  67* 

Monocerof  tefta  tubglobotdy  craeahttcvld,  UtnuMCuldfMpiraUUr  cb^oUfi 
coft^Uatd^  apertmrd  mu>gnd^  labia  exUmo  nUiU  merastaiOp 
wunbUieo  parco,  atufmsto. 

A  rngle  ffeamtm  in  Terf  hsd  eonditjon;  eonsideml  hjr 
M.  d*Orbi:rDT  as  doselj  rdated  ta,  but  not  klentiesl  with^  Um 
J/,  crasiiiabrum  of  1 4un«rf  k. 

CoquimbOy  Chile. 

GAsnamm.* — Natmm  Oemm^ 

I  have  thou^^t  it  Deceasirf  to  decFi^iiate  this  fin^tiJar  shell  by 
A  new  genetic  name,  because  its  chani£t«ri  sm  such  ss  will  not 
permit  its  union  witn  aoj  ititberto  estal>.ii^b«4  genus.  The  sImtIIs 
to  which  it  appears  to  be  most  nearly  alli«d  hare  hitherto  hten 
arrs'iired  with  Bmetmmmf  Ebmrma,  and  Fum$,  tiuch  is  the  Buce, 
plumheum  c(  ilhf^n^mtz  ^whic-h  HirMiftfm  has  d^^rg'riatifd  by  the 
generic  name  of  p9evd'M<a'^ },  and  •  kich,  to  avoid  the  wdn^H^y  of 
adding  to  the  nnml#er  </  genetic  nain«r*,  I  had  united  to'tha 
Ehumag^  .Such  aiM>  are  two  Upk^il  »L«rIU  d^^rribed  and  li;furHi  Ijy 
De^bayes,  nnder  the  names  <A  Bwximum  Tiara  snd  B,fU4uratum^ 
Ot jb  sh«ril  pe^mlks  tbis  £omewLat  in  f'frm,  l/ut  in  otbirr  rniptrcts 
1^  T»rrT  dilTt^frent,  and  tti*  has  been  ylaf-^A  with  the  Bucetna  la 
AVo'^f  s '  i^uppt^'  and  with  the  Fun  by  Gray*    The  characters  by 

'  7a3i  tt»iiie  of  PiH«<(/'><»r<«,  by  vh»eh  Svsiimod  hss  d^«igfMted  the 
Bi^^^&rTM  fr^mbsoai  cf  Cb*inci*z;  sad  vhi^  has  teea  adopted  by 
<jr«T,  is  erii«r**T  sstRMble  and  ab^ari,  httamm  ««p»'/y«d  to  rfssifribe 
an  tM////«a«ry  ofmtty  tm  Outa,  wkuk  doft  mat  txiat.  To  Ebsna  mod 
BgiIs:::: ;.'a,  lam  ,  th^  geaa«  is  D«sjiy  relate 

*  I>c«La.yei^  *  0>q^:Lea  ffmtiJta  des  enrinias  de  Paris,'  torn,  ii.  f-pi. 
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which  this  new  genus  may  be  known  and  distinguished  from  its 
allied  genera  are  as  follow : — 

Testd  ventrioosdf  suhglobosd,  spird  brevi,  cnfractibus  postio^  ad 
suturas  adpressts ;  aperturd  magnd,  ovali ;  canali  postico 
angusto ;  antico  Into,  reflexo ;  labio  eaierno  postick  incrassato, 
ant.tck  renuwrey  dente  brevi j  sulco  dorsali  idoneOj  prope  anticnm 
pnrtem  posito  ;  Inbio  columellari  incrassa  o,  expanso,  poetici  apud 
eanaiem  creutswre. 


Gastriditjm  Obpa.— PL  IV.  figs.  68,  69. 

Oastridium  testa  cepafonnt,  l€Bvigatdfantice»piralitkr  suhntd,  labii 
exterm  margine  antico  crenato :  long.  23 ;  lat,  1*7, poll, 

Navidad,  Chile. 

Tbbebra  costellata. — PI.  IV.  figs.  70,  71. 

Terebra  terid  turritd,  l€eoiuscuid,  anfractibus  medio  tumidiugctdis, 
postich  lined  imffrestid  obsoletd  notatis,  roftfellis  numerosis  longitur 
dinalibuSf  eUvatis ;  aperturd  columelldque  kevikua. 

The  number  of  volutions  and  the  proportions  cannot  be  given, 
for  there  is  only  a  single  fragment  of  this  specif 

Navidad,  Chile. 

Tebebba  uitdvlifbba. — PI.  IV.  figs.  72, 73. 

Ter^a  testd  elongato-turritdf  keviusculd,  lineolis  undulatis  hmgi'" 
tudinnlibus  confeHis,  potticis  fortiorHmSy  tectd;  anfractibuB 
plvrimisj  postu-e  tumidiuiculis,  lined  impre*sd  subobsoletd,  medio 
subcon/^avis  ;  aperturd  ai^brhomboided,  columella  Usvi, 

There  are  only  two  fragmenta  of  this  species,  it  is  obviously 
impossible  to  nscertain  the  number  of  volutions  or  the  propor- 
tions. 

Navidad,  Chile. 

VOLUTA  TBIPMCATA.— PI.  IV.  fig.  74. 

Valuta  testd  elongato^langd,  gpird  attenuatd,  anfractOnu  senis 
spiraliter  confertim  ttriatis,  ad  guturat  adpressiSf  deinde 
tuberculatis,  tuberculis  in  costaf  antici  decurrent.Hma ;  aperturd 
oblongdf  longitudinem  spira  (equante :  columelld  tripticatd^plicia 
obUquie,  subaqualibue :  long,2"25-f  lat,  0'9j  poll. 

This  species  is  placed  among  the  Volutes j  because  the  posterior 
or  upper  folds  on  the    columella  are  rather  smaller  tliau  the 
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anterior;  it  nearly  resembles  in  general  appearance  the  fossil 
Voluta,  murictruif  Lam.,  and  anffttgta,  Desh.,  though  easily  distin- 
guishable firom  both,  by  the  circumstance  of  the  three  folds  on  the 
columella  being  very  nearly  equal  in  our  species,  whereas  in  the 
two  above  mention<^;d  the  posterior  folds  are  more  numerous  and 
all  very  much  smaller  than  the  anterior :  moreover,  the  posterior 
part  of  the  volutions  is  not  adpressed  in  either  of  those  species, 
and  the  proportions  are  also  diiierent. 

Navidad,  Chile. 


VOLUTA  ALTA.— PI.  IV.  fig.  75. 

Valuta  testd  tlongato-oblofngd,  vpird  attenuatd,  anfractibus  aenta 
pracilibuSf  spiraliter  confertim  atriatiSj  prope  sttturas  adprewis, 
deinde  subventricosis :  aperturd  oblonyd,  lahio  extemo  crauiori^ 
tubreflexo  ;  columefld  iavifplu-ia  duabus  aeutiuaculi$,  perobliqyia: 
long,  7*6;  lat.  276, polL4circa, 

There  is  only  one  specimen  of  this  very  remarkable  shell,  of 
which  the  anterior  part  is  so  imperfect,  that  no  part  of  the  inner 
lip  or  of  the  canal  is  to  be  seen,  consequently  the  proportions 
given  above  may  be  liable  to  a  slight  error.  The  species  is  nearer 
to  F.  Magellanica,  than  to  any  other  known  species;  it  may, 
however,  ea-^ily  be  distinguished  from  that  species  by  the 
characters  above  stated.  At  Santa  Cruz,  there  are  two  casts, 
apparently  belonging  to  this  species,  but  considered  by  M. 
d  Orbigny  as  different. 

Navidad,  Chile ;  Santa  Cruz,  Patagonia  P 


Oliva  DnciDiATA. — ^Pl.  IV.  figs.  76,  77. 

Oltva  testd  oblong(M>vatdf8fnrd  aeuminatd,  apice  obtuso;  anfractUma 
sem»,  ultimo  lined  tenuistimd  traruversim  dimidiato  ;  columelld 
antidh  plieia  quinque  obliquiSf  poaticd  majori:  long.  09;  lot. 
0-37,  poU. 

This  species  varies  in  its  proportions ;  it  differs  from  all  other 
recent  or  fobsil  species  with  which  I  am  acquainted,  in  the  remark- 
able circumstance  of  its  having  a  broad  band  of  enamel  covering 
the  anterior  half  of  the  last  volution  above  or  behind  the 
columellar  band,  which  is  distinguished  from  the  posterior  part  of 
the  volution  by  a  very  fine  line,  behind  which  may  be  seen  the 
longitudinal  lines  of  growth,  these  lines  being  hidden  on  the 
anterior  part  by  this  last  covering  of  enamel.  This  species  bears 
a  general  resemblance  to  O.  ispidula,  a  common  recent  species. 

Kavidad,  Chile. 
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DESCRIPTIONS  OF  SECONDARY  FOSSIL  SHELLS 

FROM  SOUTH  AMJIRICA. 

Bt  PBOFeasoB  £.  FORBES,  F.R.S.,  &e.,  &e. 


Nautilus  d^Orbignyanus. — ^Pl.  V.  fig.  1.  (a)  1.  (*). 

Shell  ventricose  {probably  smooth  and  slightly  umhilicatedf).  Mouth 
very  broad,  reniform.  Black  rounded.  Sutures  bend  suddenly 
toumrdSf  and  near  to,  the  umbilicus  ;  on  the  back  they  are  very 
slightly  siniuUed, 

This  specimen  is  vexy  imperfect.  The  form  of  the  chambers 
lesembles  that  seen  in  Nautilus  Sotoerbyanus,  a  species  described 
from  the  upper  greensand  by  D*Orbigoy.  The  general  form  more 
nearly  resembles  Nautilus  kevigatus  of  the  same  author,  a  species 
also  from  the  Craie  chloritSe, 

Concepcion,  Chile. 


Hahitbs  blatioil^G.  B.  Sowerby. 

Testd  magndf  crassiusculd,  lavi^  stibcylindricd,  annulis  elevatis, 
conspicms,  subconfertis,  omatd;  extrcTnitatibus  invicem  propi 
adm^tis. 

This  is  the  largest  Hamite  I  have  seen ;  it  is  nearly  cylindrical, 
and  its  largest  diameter  is  2^  inches,  its  smaller  being  24.  There 
are  two  specimens,  one  of  which  is  much  lai*ger  than  tlie  other. 
The  smaller  shows  clearly  the  near  approximation  of  the  two 
extremities.  The  speciiuens  have  been  lost  since  Mr.  Darwin*a 
return  to  England,  and  so  cannot  be  figured. 

Port  Famine,  Tierra  del  Fuego. 


Pebita  Americana. — PL  V.  figs.  4,  5,  Q. 

SheU  lanceolate?  ventricose,  carinated,  compressed  in  the  cardinal 
region,  abruptly  truncate,  concave  at  the  opposite  side,  so  that  the 
section  of  the  tfoo  voices  is  triangular  and  somewhat  cordate^ 
The  sulcations  of  the  hinge  are  large,  numerous,  and  regular. 
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The  surface  of  the  shell  appears  to  have  been  concentrically, 
though  irregularly,  striated. 

The  specimen  consists  of  the  cardinal  and  apical  portions  of 
two  united  valy<3S. 

Copiapo,  Chile. 

AsTARTB  DAEwnrn. — ^Pl.  V.  figs.  22,  23. 

Shell  broadly  ovate,  mueh  compressed,  marked  with  rather  distant 
regular  concentric  ridges  ;  the  interstices  broad  and  concentri- 
'  cally  striate ;  anal  and  oral  extremities  nearly  equally  broad ; 
breaks  very  obtus. 

Breadth,  1  ^^ ;  length,  W ;  thickness,  -^  of  cm  inch, 

Copiapo,  Chile. 


GBYrH^.A  DABwiim.— PL  V.  fig.  7, 

Lower  valves  very  tumid,  elongated,  arcuated,  laterally  compressed, 
and  much  incurved  at  the  rostral  extremity  ;  its  surface  undu- 
lated by  distant  distinct  sinuous  fwrows,  marked  with  lesser 
sulcations  or  striatums.  Upper  valve  concave,  spattdate,  and 
concentrically  furrowed. 

Length,  i\^ ;  breadth,  2 ;  distance  from  summit  of  beak  to 
lowermost  and  centred  part  of  lower  valve,  2^  inches. 

Copiapo,  Chile. 

Gbtphisa  Not.  Sp.  P—Pl.  V.  figs.  8,  9. 

Lower  valve  not  very  convex,  rugged,  angulated;  upper  valve  concave, 
orbicidar,  furrowed  with  deep  concentric  stdcations.  Apparently 
a  young  specimen. 

Length,  1 1 ;  breadth,  2^ ;  thickness,  ^  o^  an  inch, 

CopiapOy  Chile. 

Lttciwa.  AmsBiCAiTA. — ^Pl.  V.  fig.  24. 

Shell  orbicular,  much  depressed,  the  surface  r&wjh,  with  sharpf  re* 
gular,  elevated,  distant,  concentric  ridges  (about  ttoenty-Jive  on 
specimen  examined) ;  the  interstices  are  striated  concentrically. 
Length,  1^  ;  breadth,  the  same  ;  thickness,  j^  of  ari  inch. 

In  shape  this  species  resembles  the  recent  Lucina  radula. 
Iquique,  Southern  Peru. 
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Lttcina.  excbntrioa. — G.  B.  Sowerby,  PI.  V.  fig.  21. 

Testd  8icbovalif  leoiter  tnaqtuMilvif  leeviy  umbone  aduncoy  postich 
sulco  profunilo  nb  umbone  ad  marginem  inferam  potticam  de- 
currente  in  altera  valod,  miniis  prof  undo  in  alterd:  long,  1*9; 
laL  1*  \  ait,  2'polL 

Like  Lucina  Childreni,  the  two  valves  are  somewhat  unequal, 
and  sometimeB  the  right,  sometimes  the  left,  valve  is  the  larger. 
The  posterior  dorsal  groove  is  nearer  the  edge  and  deeper  tlian 
in  Lucina  Pennsyhanicaf  and  the  whole  shell  is  much  less 
orhicular.  The  present  species  may  he  regarded  as  ohliquelj  sub- 
oval 

Port  Famine,  Tierra  del  Fuego. 


Spiripeb  Chilenstb. — ^Pl.  V.  figs.  16, 16. 

Shell  8uhorbicularf  tumid.  Dorsal  valve  deeper  than  the  ventral; 
cardinal  area  shorter  than  the  transverse  dinmeter  of  the  valve, 
trianf/tdaTf  concave,  bound  by  angulated  margins.  Perforation 
lanceolato^riangular.  Centre  of  the  dorsal  valve  with  a  rather 
deep  and  broad  sinus,  which,  as  well  as  the  side,  is  furrowed  and 
ribbed.  Ribs  simple  {about  twfmtg-siv,  of  which  four  belong  to 
the  sinufi),  becoming  obsolete  towards  the  angles  of  the  cardinal 
area,  crossed  by  strongly  marked  sinuous  lines  of  growth.  Beak 
very  prominent  and  somewhat  incurved.  Dorsal  valve  ribbed 
Uke  the  ventral,  four  of  the  ribs  being  upon  the  rounded  but 
well-defined  mesial  ridge.  Frontal  margin  of  both  valves  slightly 
linguiform. 

There  are  two  vaiieties  of  this  shell,  the  one  much  more 
tumid  than  the  other. 

Dimensions  of  largest  specimen:  breadth,  1~;  breadth  of 
cardinal  line,  1^^ ;  length  of  dorsal  valve,  1^  ;  of  ventral  valve, 
1  inch  :  thickness  of  united  valves,  ^ofan  inch. 

This  shell  nearly  resembles  several  carboniferous  limestone 
epirifers.  It  is  also  related  to  some  liasdc  species,  as  Spirtfer 
JFolcotii^ 

Cordillera  of  Guasco,  Chile. 


SpntiFEB  LnreiTiFEBoiDES. — ^FL  V.  figs.  17, 18. 

Shdl  orhicular,  globose,  surface  smooth,  undulated  t^owards  the  mar- 
gin, where  there  are  also  a  few  strong  transverse  furrows  of 
growth.  Valves  nearly  equal.  Frontal  margin  not  projecting, 
bianuated,    MesitU  furrow  of  dorsal  valve  shallow,  lanceolate. 
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hut  toeU  defined,  as  is  also  the  mesiftl  ridge  df  the  ventral.  Area 
not  visible  in  specimens  examined. 

Breadth,  1| ;  length  nearly  the  same  ;  thickness,  1{^  of  an 
inch. 

Very  near  Syiriferlinguift-ra  of  Phillips  (a  carboDiferous  lime- 
stone  fbrail),  but  probably  distinct. 

Hio  Clare,  Valley  of  Coquimbo,  Chile. 

Tebebrattjla  inoa. — ^Pl.  V.  figs.  19,  20. 

EheU  orbicular,  depressed,  surface  obsoletely  striated  concentrically ; 
the  furrotos  of  growth  becoming  more  strongly  marked  towards 
the  margin.  Dorsal  valve  most  convex.  Fronted  margin  ob- 
soletely bisinuated,  and  in  young  specimens  slightly  truncate, 
JBeak  of  dorsal  valve  very  prominent  and  incurved,  obtusely 
angled  at  the  sides,  terminating  in  a  {small  f)petf oration.  Area 
very  small  but  distinct. 

Length  of  dorsal  valve,  1^ ;  breadth,  l^ofan  tnoh  ;  thick* 
ness,  1  inch, 

Iquique,  Southern  Pent 
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ABBL 

ABEL^  M.,  on  calcareous  casts  at 
the  Cape  of  Good  Hope,  163 
Abich  on  a  new  variety  of  feldspar, 

479 
Abingdon  Island,  118 
Abrolh>s  Islands,  425 

—  incrustation  on,  38 

Absence  of  recent  formations  on 
the  S.  American  coasts,  414 

Acosta  on  an  earthquake-wave, 
472 

Aeriform  explosions  at  Ascension, 
45 

Agiierroson  elevation  of  Imperial, 
236 

Albatross,  driven  from  St.  Helena, 
1<»3 

Albemarle  Island,  117 

Albite  at  the  Galapagos  Archi- 
pelago, 118 

—  constituent  mineral  in  andesite, 
478 

—  in  rocks  of  T.  del  Fuego,  445 

—  in  porphyries,  474 

—  crystals  of,  with  orthite,  479 
Alison,  Mr.,  on  elevation  of  Val- 
paraiso, 239,  244 

Alumina,  sulphate  of,  653 
Ammonites  from  Conception,  399, 

407 
Amolanas,  Las,  559 
Amygdaloidal  cells,  half  filled,  31 
Amygdaloid,  curious  varieties  of, 

474 
Amygdaloids,  calcareous  origin  of, 
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AUSTRALIA 

Amygdaloids  of  the  Uspallata 
range,  522 

—  of  Copiapo,  667 
Andesite  of  Chile,  478 

—  in  the  valley  of  Maypu,  483, 
485 

—  of  the  Cnmbre  Pass,  602,  613 

—  of  the  Uspallata  range,  629 

—  of  Los  Homos<,  638 

—  of  Copiapo,  561,  567,  567 
Anhydrite,    concretions  of,    486, 

609 
Araucaria,  silicified  wood  of,  391, 

527 
Arica,  elevation  of,  265 
Arqueros,  mines  of,  540 
Ascension,  40 

—  arborescent  incrustation  on 
rocks  of,  38 

—  absence  of  dikes,  freedom  from 
volcanic  action,  and  state  of 
lava-streams,  105 

—  gypsum  deposited  on,  273 

—  laminated  volcanic  rocks  of, 
466.  469 

Ascidia,  extinction  of,  169 
Atlantic   Oc«>an,    new    volcanio 

focus  in,  104 
Augite  fused,  125 

—  in  fragments,  in  gneiss,  423 

—  with  albite,  in  lava,  480 
Austen,   Mr.    R.  A;    C.,  on  bent 

cleavage  lamina,  457 
Austin,  Capt.,  on  sea-bottom*  230 
Australia,  146 

—  foliated  rocks  of,  464 
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193 
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—  on  laminated  lava,  75 
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—  on  cretaceous  fossils  of  the  Cor- 
dillera, 491,  611 
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—  old  town  of,  272 
Calcareous  deposit  at  St.  Jago,  af- 
fected by  heat,  5-9 
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range,  617,  620 
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phyritic  formations  of  Chile, 
477 
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—  origin  of,  477 
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—  definition  of,  424 
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—  Rio  de  Janeiro,  245 
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Climate,  late  changes  in,  303 

—  of  Chile  during  tertiary  period, 
412 

Coal;  of  Concepcion,  398 
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104 
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Concretions  in  tuff,  54 

—  in  aqueous  and  igneous  rocks 
compared,  69 

-—  of  obsidian,  69,  73 
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460 
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—  of  the  Cumbre  Pass,  506,  613 

—  of  Rio  Claro,  545 

—  of  Copiapo,  564,  567 

Cook,  Capt.,  on  form  of  sea-bottom, 
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Copiapo,  elevation  of,  263 

—  tertiary  formations  of,  405 

—  secondary  formations  of,  653 
Copper,  sulphate  of,  653 

—  native,  at  Arqueros,  541 

—  mines  qf ,  at  Panuncillo,  638  - 

—  veins,  distribution  of,  580 
Coquimbo,  curious  rock  of,  162 

—  elevation  and  terraces  of,  248 

—  tertiary  formations  of,  402 

—  secondary  formations  of,  540 
Corallines     living     on     pebbles, 

226 
Corals,  fosfril,  from  Van  Diemen*9 

Land,  155,178 
Cordillera,    valleys   bordered   b/ 

gravel  fringes,  289 

—  basil,  strata  of,  472 
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Coy  inlet,  tertiaiy  formation  of, 

384 
Crater,  great  central  one  at  St. 
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—  internal  ledges  round,  and  para- 
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—  segment  of,  at  the  Galapagos, 
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Jago,20 

—  of  tuff  at  Terceira,  28 

—  at  Ascension,  41 
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Crassatella  Lyellii,  387 
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near  Lima,  273 
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78 
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mation of,  at  Port  Desire,  437 

ChtouUaa,  387 

Cumhre,  Pass  of,  in  Cordillera,  502 
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Mesodesma,  244 
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—  on  concretions,  395 
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265,  267,  273 
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428 
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—  his  theoretical  researches  on 
geology,  225 
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—  on  bent  cleavage-lamina,  457 
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—  on  coast  of  Patagonia,  214, 228, 
416 

—  great  powers  of,  415 

—  of  the  Portillo  range,  496,  600 
Deposits,  saline,  302 
Despobl&do,valley  of,  664, 666, 670 
Detritus,  nature  of,  in  Cordillera, 

292 
Devonshire,  bent  cleavage  in,  467 
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Dieffenbach,  Dr.,  on  the  Chatham 

Islands,  160 
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—  of  tuff,  114 

—  of  trap,  in  the  plutonio  serleii 
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Dikes  in  gneiss  of  Brazil,  423,  429 
^  near  Rio  de  Janeiro,  428 
•~-  psendo-,  at  Port  Desire,  439 

—  in  T.  del  Fnego,  443 

•^  in  Chonos  Archipelago,  con- 
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«~  near  Concepcion,  with  quartz, 
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—  granitic  porphyritic,  at  Valpa- 
raiso, 459 
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216 
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Ehrenberg,  Prof.,  on  infnsoria  in 
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-^  on  infusoria  in  the  Patagonian 
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Sjected  fragments  at  Ascension,  47 

—  at  the  Galapagos  Archipelago, 
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Elevation  of  St.  Helena,  103 

—  the  Galapagos  Archipelago,  130 
^  of  volcanic  islands,  144 

—  Van  Diemen's  Land,  Cape  of 
Good  Hope,  New  Zealand,  Aus- 
tralia, and  Chatham  Island,  168 
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•^  San  Bias,  196 
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—  Iqniqae,  265 
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of  elevation  and  cleavage,  469 

—  lines  of,  in  the  Cordillera,  472 

—  slow,  in  the  PortiUo  range,  498 

—  two  periods  of,  in  Cordillera  of 
Central  Chile,  499 
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—  tertiary  formation  of,  372 
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Seale,  Mr.,  geognosy  of  St.  Helena, 

85 

—  on  embedded  birds'  bones,  102 
^^  on  extinet  shells  of  St  Helena, 

102 


SILICA 

Seale,  Mr.,  on  dikes,  103,  104 
Sebastian  Bay,  tertiary  formation 

of,  385 
Sedgwick,  Prof.,  on>  concretions,  69 

—  on  cleavage,  462 

Septaria  in  concretions  in  tuff,  66 
Serpentine  of  Copiapo,  562 
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Siau,  M.,  on  ripples,  161 
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